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| Navigation: | 
Teaching the Wn ors ART, 


Tna way more Familiar, Eaſfe, and PraQtical, . 
Than hath been hitherto done. _ 


..... S$SHEW.ING, 

The Proje&tion of the Plain Scale: the Sphere in Plain : 
Aſtronomical Problems uſeful in- Navigation ; Traverſe Tables : 
Right lin'd Triangles, Geometrically, by Tables of Sines, Tan- 
gents, Logarithms, and by Gunter's Raler.; applied to Plain 
and Mcreator's Sailing. Tlluſtrated by Schemes on Copper- 

| Plates. How to make Obſervations at Sea or Shore. - Sure and | 
ealie ways of Reckoning by Latitude, Longitude, and Meridional 
diſtance ; With Tables for both ways of Sailing. The Longitzde | 
and Latitwde of principal Places. Tables for the Suns Place and 
_Declination z Of the Longitudes, Latitndes, Declinations, Right 
Aſcenfions, arid Seaſons of {ome noted Stars. Spherical Triangles ;, 
and their Uſe in Great Czrcle Sailing. The Ule of the Globes, 
Azimuth Compaſs for Variation. Fad alſo of $ E A-G U N- 
| NERT Is | 
The Deſcription and Uſe of a New Infirument,called Encyclologium, 
or the Sliding Circles; which, with eaſe, reſolves all Queſtions of Propor- 


tion, Trigonometry, Arithmetick , Square and Cube Root, Gunnery, 
Men(uration, and Dyalling. 
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By MATTHEW NORWOOD, 
' Teacher of Mathematieat AKTS. of 


LONDO N: Printed for 7. Sawbriage, at: the Bible on Ludgate-bilk 
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To the Ripht Honourable 

Gro Ge, Lord Baron of Dartmonth,. 
Maſter General of Hu Majeſties Ordnance | 

and Armies, Maſter of the Horſe to Hi 
Majeſiy, Lieutenant of his Majeſties Fo= 
reſts of Holt and Wilmore, and one of 
Hu Majeſties moſt Honourable Privy= 
Conncdl, ” | 


Mr Loxp, Rn bd Ee 
F\HE enſuing Papers hum- 
bly beg they may adven- 

, tureupon the Publick un- 

der your Illuſtrious Name. They 
are deſigned for one of the Nobleſt 
Ules that .can concern this Iſland, 
and ( not rudely to approach your 

Lordſhip with an Obvious or Un-'. 

ſtudied Offering ) they are the Re-= 
ſult of a long Theory and Experi- 
ence, derivd to me by Traduction, 
an early Education, and other Im- 
preſhons very powerful and inde- 
livle. I have hopes to be accepted 
AS. an 
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The Epiſtle Dedicatory 


in this. AdareB, from your Lord- 
ſhips propitious Inclinations to- 
wards all who any way promote the 
Engliſh Intereſt,.and Tutle to their 
Navigable Country the Ocean. A. 
"Title and Intereſt, my Lord, which 
your Honourable Self has proſecu- 
ted and made good, under. the 
Greateſt and Braveſt Admiral, with ſingu- 
lar Renown. And your Goodneſs 
being equally matchd with your 
Valour and Condu&, and. both e- 
minently conſpicuous; I crave the 
benefit of its Influence and Favour, 
_ and above all, the great Honour of 
-..”.... LLOKD; 


 , Your moſt Obedient, 
moſe Humble Servant, 


To 
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Fo ho ; Righe ROT 
The Maſter, Wardens, and Aſiiſtants 


OF. TRE 


 Trinity-bouſ of Depiford- Strand. 


Þ porn on a fabje & of ſo great benefit tothe 
” Publick as chis I Freat of, may expet a 


p favourable Reception From the World; 
- upon that very confideration, T entertain 
not my Reader with nice and uſeleſs Speculations, 
but have endeavour'd to promote and advance x 
Science wherein the Safety; the Wealth'and Ohry 


of the Engliſh Nation is fo mnch concern'd. The 
Art I undertake to'Teach, I am intituled unto (as- 
it were) Hereditario Fure, as being defived to.me 
from my Father, who early inſtructed me herein, - 
and whoſe Abilities to perform it, are too well 
known to-be doubted of; and which by many years 
exPerience' iN Navigation, E have labour'd to make 
perfe&, | I do not onely lay down Theorems for 
the inſtitution of young Sea-men , but have en- 
deavour'd at once,: both to inſtruct and demon- 
ſtrate; and thereby made Navigation more ealle to 
be learned, becauſe ſo caſie to be underſtood. 

That I thave inſcribed your Names to it, is for 
' that you being the ableſt Maſters in this Art, are 
the 


The Epiſtle Dedicatory. + + 
| the moſt capable Judges; and if my Performance 
herein may-have your Approbation, and your :Al- 
lowance, give. it an Imprimatur ; I ſhall be the leſs 
concern'd for the malignant Cenſures of the En- 
vious.or the Jgnorant, who either begrudge others 
..of the juſt Commendation due to their Induſtry, or 
elſe condemn what they do not underſtand. 
I have in this Treatiſe added ſome things new, 
(beſides the Method I have explained in this part 
_ of the Mathematicks ) the uſefulneſs whereof, and. 
. what further Improvements may be made therein, 
you will perceive in the peruſal. Iamnow grown 
orey in the many Experiences T have had in this 
Art, and not ſo capable for the toils and labours of 
Travel, and Navigation. | S 
May 1, by. your favourable Influence and Re- . 
commendation, be directed into ſome ſafe and quiet 
. Harbour, wherein I may ſpend the reſidue of my 
days in promoting this uſeful Art, to which I have 
devoted a great part of the Studies of my former 
life; it ts all that I have to deſire in ths World : 
and this I the rather-do, that I may be in a capa- 
city to ſerve my Country, and lay hold on all 
occaſions to demonſtrate how much T am, 


.STR'S, 


Your moſt bunible and obedient Servant, 
and Younger Brother, 


Mat. Norwood. 


| The Preface. 

Ince Cuſtom ſo much prevails with moſt men, it may be 
expefted I ſhould ſay ſomething of this Treatiſe, and of 
my ſelf, why T undertook it.. To the firſt, T think fit to © 

 grve my Reader this account : That befides the defett f 
ſufficient demonſtrations in” the ſeveral Books already . 

extant on this ſubjeft, I found many Materials, neceſſary to a 
prattical Navigator, wanting ; therefore to ſupply thoſe defedts, 
and make the whole Art more intelligible, I adventured this 
Syſtem abroad. If at its 'firſt appearing in the World -it\re- 
cezve not that eſteem which ſome other Writers pretend to ; yet I 
am perſwaded, by experience 'twill be found much more uſeful, 
af that its evidence will give its own commendation. I have © 


here incerted nothing but from my own-Praftice and long Expe- 
rience, and whereon you may with- ſafety depend; and in all 


difficulty, T have given the moſt natural Reaſon for demonſtra- 

tion of every Rule ; which is the chief and onely thing that hath 

been ſo much wanting in our late Books of Navigation. My long 

Prafice, and Converſation with Marriners, hath diſpoſed me to - 

a Stile and Language more familiar and beſt known to. them, ' 

which may render me the more capable toinſtrutt them.” - 
| The reaſon which engaged me in this Work was,: for that I ob- 


ſerved ſome Books of this nature had paſſed divers Impreſſions,” 
which for the greateſt part were collefted from other mens Works, 
but more eſpecially from my Father's, Mr.-Richard Norwood, 

_ whoſe Skill in Mathematical Learning. 1s ſo well known, that it 
needs not my commendation ; yet I think -my.ſelf by Nature obli- 
ged to reſcue his Reputation from the yr bot attempts of 
theſe that printed his Triangles aud Sea»mans Pradtice, ſo de- 
feitive and different from the Original ; where ſome whole Sheets * 
are omitted, and others altered, under pretence of rendring them 

better ; which thoſe who well underſtand it, do judge their Books 
to be ten times worſe, There's xo doubt, but Covetouſneſs and Iy- 

by | noranuce 
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morance too much prevailed on the Perſons concerned tn thoſe Co-- 
pies; which in the end 1 beligue wl! prove their apſadvantage.- 
It's ſometinnes th are of ingenious en t0 have thei Reputations 
ſullied, after th&y are dead, by igziorant or inconfiderate men, who | 
vainly endeavour to advance themſebves upon their ſilent Graves. 
How ftrange aud wnbecoming was it, in a man of Art atd'Leary- 
ing, and be but a Correftor tos of Mr. Sturmies Book, to mingle'ſo 
much .Dirt with bis. Aſhes 1 What Conſiderations could more 
Prrongly incite a generous and learned man, either to have covered 
the Indecencies of that Author, or obliged the World with a more 
accurate and compleat Body of Navigation of his own 2 T am ve- 
ry proue to believe, thoſe who manage themſelves no better on 
ſhore, never bad much experience of their own Books, Drafts, and 
 Kalendars at Sea, And there are ſome, who bluſh nat to tell us 
#n print, of the general Approbation their Books have obtained, 

- frommen whoſe Knowledge and Experience is not inferiour to 
any Navigators in the WHOLE WoRLD: a Phouriſh that 
exceeds all Compariſon, and too great for my belief, without bet= 

ter evidence. than #hat- Author's bare word. It may bs much 


doubted, bow an able Mathematition, not bread a Marriner, ſhould 
be ſo great a Fudge of the praftical part of Navigation: Methinks 
the / —_— of. honeſt Mr. Philips ( a Perſon not inferiour to our 


late Authors) is much more eligible; who in the cloſe of a late E=. 
Piſtle in his Advancement to Navigation, doth modeſty confeſs, 4 
That many of his Conelufions are propoſed. for Tryal and _ 
 Approbation : whichWork, though it be new, yet it's his own ; 
and : may perhaps prove -more uſeful, than fome others under a 
greater Countenance and Charadter. | eds 
Al I ſpall further adde is, that I have made the Principles 
of this Art more plain than any Syſtem of Navigation 7have yet 
feen ; by a more elaborate and evident demon dd, and with 
, Jach variety of Examples, as may beſt illuſtrate the truth of every 
Propoſition, to the underflanding of the Learner ; wherein you will 
find the more abſtruſive and difficult matters of this Art, are ac- 
 commodated to the meaneſt. Capacity : as, the explanations of the 
general Axioms of Spherical Triang/es,Gunter's Ruler (or Lines) 
(od hy 4 Pa _ applied 
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#pplied to Plain and Mercator's Sailing, &c. And to render this 
Piece. more compleat, 1 have added ſo much of Square and Cube 
Root, and Gunnery, as s neceſſary for an ordinary Navigator, or 
Sea-Gunner. | | Fg: hs 

T have alſo annexed a new Inſtrument. caſed Encyclo] OBle 

um, or the. Sliding Circles, which with the greateſt eaſe j- 
maginable , reſolues all Queſtions in Triganometry, Square aud 
Cabe Root, Arithmetick, Gunnery, Menſuration, Gauging, \Pro- 


: > 
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 Tr's near twenty years ſince 1 writ the Sea-mans Companion, 
while I was young, and capable-of ſerving my King and Country in 
no better ſtation ; and had no thoughts of appearing again in print. 
In my tender years T was deſigned to the ſtudies of a more quiet 
Employment, but the knowledge 1 acquired (by my Father's inſtru- 
fon) in the Mathematicks; and the natural delight I took in Na- 
vigation, engaged me in that way of Livelihood; and before Twas 
twenty years old, became Maſter of a very good Ship, wherein I 
continued until I was commanded to go Maſters Mate of the Sa- 
phire, where I ſpent ſome years in the Service againſt the Turks ; 
that War being over, I had the Command of a Merchant-man for 
ſome time, until the beginning of the firſt Dutch War; when IT ac- 
_ 'a Commiſſion from his preſent Majeſty, for a Lieutenants 
place in the York Frigot, under the Command of Capt. Swanly ; 
and from thence I was removed to the Command of a Prize of forty 
four Guns. In the Command of this Man of War, 1 continued for 
fome time ; and afterwards ferved his Majefty in the York : bat 
being much importun d by ſome Gentlemen, Merchants of Lon- 
don, 7 was pecſwaded by them to undertake difficult and hazar- 
dous Voyages : wherein, as * Ange Gad to bleſs me with great 
ſucceſs, to the more than ordinary advantage of my Employers, 
( baving performed two Voyages, both in eight months, and there- 
in returned with twenty four Whales, which ſold for 580901. ) 
Jo alſo in theſe Undertakings , .T have bad the Oportunities of 
making very uſeful Obſervations, to my great advantage, and ex- 


perience in the prattical part of Navigation. 
w OR: Es This 
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| This was an Adventure to the Welt Tee for Fiſh, wherein I 
ſaw no Land until. my return. A neFin this dangerous Service, F 

was the firſt Engliſh-man, that ever made the Attempt. 
I thought it not amiſs to give this account of my ſelf : And 
therefore if any follow the Garb- of the invidious Critick, to cen- 
fare this Digreſſton, and call it by an ugly hard name, (f that be 
all) PII forgive them, knowing I am not without faults : for I 
doubt not, but herein will be wy ſome ſmall Omiſſions, that may 
not _— relate to this Subjeft: and for ſuch T ſhall beg no 
Excuſe ; but for what's well or ll done herein, I willingly ſubmit 
it to any fair and competent Fudge , wiſhing a Bleſſing upon all 
. 8ar honeſt Undertakings, is the unfeigned defire of | | 


Your faithful Friend,. 


M,N. 


Puncpal Matters 
Treated of in this BO OK. 


Mok CHAP.1. ww 
Eometrical Principles. | From page 1 to 7 


CHAP. II. 
The Projedion of the Mariners Compaſs. 


CHAP. II. 


The Projeftion of the Matiners Plain Scale, with the Fi igures of the Scale 
and Compals. 7 to9 


CHAP. IV, and V. 


How to projet the Sphere in Plano, by the Plain Scale, and to work, all 
"the moſt uſe ful Problems i in Aftronomy thereby. from p. 9 to 23 


CHAP. VI, & VII. PO 
| The Uſe of the Terreſtrial and Cerleſtial Globes, _ 23to29 


CHAP. VIIk 
Plain Sailing ofa by the Plain Scale, 29 to 34 


CHAP. IX 
Toworka Travers bythe Plain Scale. 34to 39 


{a 3J - CHAP. 


_The INDESX. 


CHAP. X: 
The Uſe f the Large Table of LONGTOTe and Departure, #n Sky Tra- 
verſes, _ TT 39 to ns 


y '{ CHAP. XI: | 
A 7 a Northing ardiSouthing, Eafting and welting 3 - to every Point, | 
MAIF, and Quarter of a Point of zhe- Compaſs wm its Uſe, 42 t045. 


CHAP. MI. 
The Conſtrufion of the Table of Difference of LO, _ - Fhgrnre: : 


and the TABLE b 6/8 large.  </ TIA "$094 


- #3 ab, Xa, "F- 
The Uſe f the Table in Plain Sailing. |  o4to 98 


CHAP. XIV. 
Of Mercator's Salling 3 3 and how to keep a Reckoning-of a "Og ac- 
— zo Mercator's Projection, by #he Plain Scale, 98. to 100. 


GHAP. XV & XVI. 7% 
" be Projedtion and Ute of thePlain HO Tk Plat, TORT, and a Fs. 
giure of a Sea-Chart, . = ,, 200 to 103 


CHAP. XVII. | 
The Deſcription, Projeftion; and Uſe of ſuch Inſtruments 4, at Sea, are 
fitteſt for finding of the Latitude 3 as the Quadrant, Groſs. Staff, and 
NoGurnal; with the Figure of \ Phy 103 to 108 


CHAP. XVIII. 
Rules for finding of the Latitude by.the Suns beight from the Horizon, « or 
diſtance. from the Zenith'; and the Demonſtration of thoſe Rules : Alſo 
ws Rules briefly expreſſed and PW" | 108 to 116 


CHAP. XIX. TED 
How to find "4 diſtance of any two Places ( howſoever ſituate ) pon the 
Terreſtrial Globc (by the Arch of a Great Circle). by. the Plain Scale. 
116 to 119 


> 


Tables uſeful in Navization, VIZ. 


I. Tables of the Suns Declination and Place or r Longitude, 119to 135 
; IL 


The INDEX. 


I. 4 Table of the Logan Latitude, Right Aſcenſion, azd Decli- 
_ ration of certain ixed Stars between the EquineQial and 50 deg. of 
Declination from it Northward or Southward ; with their Magyitudes 

* and Seaſons fit for to obſerve by them. 135 to 137 
IN. 4 Table of the Right Aſcerition, Declination, and diſtance from'the 
0 Pole 3 of ſeveral Stars : >. with their Seaſons for Obſervation, 
13d - 

« x. Table of the Sins Right Aſinifion for every degree of the Eclig- 
63% 139,140 
V. 4 Table of the North Stars bearing, above or under the Pole upon 
every Points _ of the foremoſt Guard fron it. 141 - 


CHAP, XX. 
To ſings the Prime, Epa&t, Mbons*Age, High Water, what Year from the 
eap-year, Dominical Letter : What day of the Week the firſt of 
March falls upon : Which of the firſt ſeven days of any Month' is that 
_ day of the Week with the firſt of March, &c. .. 141 to 149 


C H AP. XXI. 
How to" Extra the Square. and Cube Roots, beth by Arithmetick- and 
the Logarithms. 149 to 157 


CHAP. XXII. 
Some Caſcs f Right Angled Trlangles reſolved by the Square Root. 


137 to 16s: - 
Cafe j Oblique Angled Trlonples performed by the Plain Scale. 


161 to 1 65 + 
CHAP, XXIV. | 
Propſrons of Sailing by Mexcator's Chart, performed by the Plain Scale. 


4 | e 165-to 175 


11.4. CHAP. KXV, XXVI, & XXVIL.. 
Trigonometrical Definitions, and the Dodtrine of Right and Oblique 
angled plain Triangles, applied to Plain Sailing : aud performed by rbe 
Tables of Sines, Tangents, and Lognaithne,. and alſo by Gunter's 


Rule, 175 to 214 
CHAP. XXVIIL 


P Table of Meridional Parts to: work by Mercator's Projection. | 
214 t02325 


L In 


. The IND EX. 


L Inthis 2th Chapter, are contained ( beſides the Table )) the Uſe theys- 
of in. 7 Caſes of Sailing by Mercator's Chart. , -225 to 236 
11. 4 Diſcourſe concerning the Variation of the Compaſs. 236 
III, 4 Catalogue of the Longitude and Latitude ofgthe principal Places in 
the World, from the Lizard-in England, 237 to 246 


| CHAP. XXIX << 
The Do&rine of Spherical Triangtes,' both Right and Oblique angled 
* in all the Caſes. | | 246 to 263 * 
CHAP. XX% 


Right angled Spherical Triangles, applied in the reſolution of ſome Que- 
ſtions in Altronomy. Sh Kt 263 to 276 


CHAP, XXXI, 
The Dofirine of Oblique Spherical Triangles. 276 to302 


"CHAP. XXAMll. 
. Of Quadrantal Triangles. 302 to 304 


' CHAP. XXXIII. GN 
Oblique Spherical Triangles , applied -to the Solution of Aſtronomical 
'Problems. | 304 to 320 


| ; * C 'H A P. RRRKUV, $I: 

Of Sailing by the Arch of a Great Circle. . 320 to 358 
A Diſcourſe concerning Longitude. : 359 to 367 
The Azimuth-Compaſs deſcribed, and the Uſe thereof. 367 to 368 


Of GUNNERY, ſo much of that Art 4s is abſolutely neceſiary for a 
Seaman to know. And. how to Make Stink-Balls, Granada-ſhells, and 
.Powder-pots, &c. 368 to the end, 


Ten Chiliads, or the Logarithms of all Abſolute Numbers, from an Unite 
#6 Ten Thouſand : And a Table of Artificial Sines aud Tangents, to 
:every Degree and Minnte of the Quadrant 3 with the Complements A- 
xithmetical of Sines, ſupplying the Uſe of Secants. 
Tn any Parallel of Latitude, to'know how many Leagues will anſwer to one 
Degree of Longitude inthat Parallel > is aftex the Tables of -Loga- 

rithms. 7 . 
The 
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The Authors Habitation being above an hundred miles from London, theſe 
Faults have eſcaped the Preſs \, which are placed here in this method, that 
they may be (with more eaſe) correfed with your Pen, 
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of the given Line 
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1016 Bq 
18 24 which 
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365 29 North leagues South degrees 
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Shade-Vane 


104 10 Site-Vane 
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Io4 32 Scale 

| 1og 26 compt Complement 

110 13Sun Equino@ial 

110 16 muſt be near- by the declination, 
er to the.Ze- and the: declinati- 
nith, which on muft be ſab- 
Is- equal to ſtrated 
the Latitude 

112 6 me Line the Arch-line 

I2g 11.29. 45 27 45: 

142 2 fiſth Fiſh 

I 54 27 1200 reſolyand 

i162130G. OL. 

167 gA ..AC 

17s 16 Including included 

182 429 90 dege- 

C B17: 


1I9013CB:: 
19f23 then . the ſideBC11 7 leag. 


194 in the Triangle drawa line fromAtoB ! | 
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19523 D 

156 13 BD 

197 2 559 
201 2 72 


[208 16. 99. 


210 17 63 

21316 ADB. 
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| | 
225 24 for-it falls - 
231, 1* minutes 
235 28 1ioth day 


1235 1 1oth day 
| 9-5 (4)98411871 
9 6 10.1588128 ( 


237 16 7. 18 | 
237 19 1 deg. oo 
238 2 23 | 
238 528 

239 23 00753! 
2393Zl 92:29 
249 8 124: 43 


- [247 1 begin 


26916 5, BR 
27325 Oth 
274 9 R=6: 
278 16 Angle.. 
282 21 649:00 
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320 25 lerve 


347 16 grea 
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384 10 Sulphur £ 
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283 16 at Operations at 3 Operations..: 
| _ Teave Out going . 
310 16 which is in within 
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Great -- 


358 laſt Firſt of April Tenth of April © 


As the Cube Root - 
So 15 . the Cube .. 
Root - | 


380 7 diviſion oun. diviſion is ounces--: 


eſtion _ 
Sulphur or. .: 


G In page 31o, the three laſt lines are thus to be read : - 
This AI 3r deg. 46 being ſubſtracted from A G 99-4eg. 10'+( the. Sans diſtance 
from the North Pole) there remains_67 deg. 24 for I'G.: 
Hypothinuſe, and ſome literal Miſtakes, and Miſ-potntings, muſt be excuſed. 
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Advertiſement. 


Zh | Fu: all. AR Mitheniatiial "PADEY for Sea or 

| Land, with Maps, Globes, Sea-Plats, C arpenters Rules, 
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CHAP.I. 


'-.. Geometrical Principles. 


PROBL. 1. 
How to raiſe a Perggudicular from the middle of a Line gives. 


Fig. [, Perpendicular is a Line drawn' ſo directly from another 
Wn - « Ling, that it neither leans or, inclines one way or other, 
but is upright 3 fo that where it toncheth. the other. it 
ob. Aa rakes two Right Angles (: asat O ) namely, EOB 
cqualto EQ A. -It is raiſed thus : Fix one;foot of your Compaſſes at 
either end of the given Line asat A and B, and with the other,cxtended to 
above half ithe-length of the ſame Line, deſcribe an Arch over the middle 
_ of it, as C C, then carry that diſtance to the other end cf the given Line, 
and croſs that with another D D,interſeEting in E 3 from the place of their 
interſccion or cutting one another, draw the Line OE to the middle of 
the given Line, and it will be a true Perpendicular, 


"PAÞ:R HE... * 
 Todivide a Line into two equal parts by a Perpendicular. 


Fig. IT [.- the given Line be AB, and let it be required to divide it 

| £4 into two cqual parts by a Perpendicular : Open the Com- 

paſſes to apy convenient diſtance, above halt the length..of the gtyen Line, 
| B 


as 


2 0f GEOMETRY. | 

as here from A to E, and D, and with-that diſtance, fixing the Compaſſes 
at any end of the Line, asat A deſcribe the Arches D and E above and 
below ; then carry the ſame diſtance to the other end of the given Line B;, 
and croſs thoſe Arches by the Arches C and t' ; and fromthe poinits of 
their interſe&ion O and O, draw the Line O O.and it will cut the Line in. 
the middle in S, and is a Perpendicular. 


PROBL. III. 
To raiſe a Perpendicular from the end'of a-Line given: 


- He Line given is AB: Now tit is required to raiſe a Pex- 
Fig. I T ies from-the end of that Line ( let it be from By) 
Open your Compaſſes to any convenient diſtance, and fixing one foot in 

' B, deſcribe the Arch LCS. That done, from L (et the the ſemi-dia- - 
meter of that Arch to C, and from thence deſcribe the Arch V V ( above ) 
| then ſet yourdiſtance.from C to S, and crofs that Arch with the Arch 
'RR ; and from their inter{cfion at. O, draw the Line. OB.co the end.of : 
the given-Line at B, and it is a Perpendicular. 
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PRoBL. IV. 
To perform the ſame. another way. 


Fig. IV. Tf often falls'out,” that a Perpendicular is:to be raiſed ſo near - 
' ÞT thecdge of a Board or other thing, that there may not be 
room to raiſe it the way before-mentioned, and therefore *tis requiſite to 
know ſome other way. Let” A B be the given Line, from the end of 
which I would raiſe a Perpendicular: Open your Compaſſes to any cone 
venient diſtance, and from the end of the Line; as at B; deſcribe the Arch 
CD; then from C ſet-your Compaſſes ( with that diſtance ) to D, and 
deſcribe the Arch EF G 3 and ſet the ſame diftance from C three times 
upon -that-Arch,, at EFG, and from G draw the Line GB, and it is « 
Perpendicular from the end. of the given Line, - | 
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PROBL. V.. F | 
76 let fall a Perpendicular froma Point above,to a-Line gaven. 


Bio. V.. A Dmitl would let fall a Perpendicular from the Point O, to 
Hg V A the Line AB 3 from the aſſigned Point O, draw a Line at 
| — —_ __  pkaſine 


Of GEOMETRY. © "y 
pleaſure to the given Line, ſo as it may be acute or inclining, not near a 
- Perpendicular, as the Line OA is3 that Line divide into two equal parts, 
asatR, and upon R (.asa Center ) deſcribe the Arch ON, and where 


it:cuts the given Line ( which is at N, ) let fall the Line ON, and it is 
| a Perpendicular to the given Line, which was required. ; 


PRoBL. VI. 
To draw a Line parallel to a Line given. 


|;  . Et the Line given be A -B, parallel to which I would draw 
Fig. VLP, another Line: (Note, A Line parallelto.anether Line, is a 
Line that runs. ſo direcGly as another Line doth) that if they were both 
continued out infinitely, they would-never meet, or come nearer, but con- 
tinue at the: ſame diſtance-from one.another :) therefore open your Com- 
.paſles to the diſtance you are minded to ſet them aſunder, and go towards - 
one end of . the, given Line, as at O, and deſcribe an Arch C C 3 carry the 
Game towards the other end, as at O, and deſcribe an Arch, as DD; and 
by the tops of thoſe Arches draw a Line, and it will be parallel to the 
given Line. 


x PROBL, VII. 
To draw a Line parallel to a Line given,from any Point afigned,over 
the given Line. 


TY THe Line given is A, the Point aſſigned is © : Take the 
Fig VI I neareſt Aitance from © to the on Live, {weeping it, 
and carry .it towards the other cnd of the given Line, and deſcribe an 
Arch CC, then draw a Line by the top of that Arch, from the Point a(- 
ſigned, and it ſhall be a parallel-Line to the given Line A, as was deſired. 


-. PROBL. VIILI. | 


To draw a Line parallel zo a Line given from any Point aſſigned,not 
over the Line. wy | RE 


Fig. VIII, B- the Line given be A.B, the Point aſſigned ©, and 1 
Ie would draw a Line from thence, paralld to the givea 
Line AB, Take the diſtance from the end of the given Line at A, to the 
alligned Point ©. and carry it to the other end of the given Line, at B, 
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and deſcribe an Arch CC then take thelength of the given Line A Band 
ſet one foot of your Compaſſes in ©, and with the other croſs that Arch 
CC, and by the point of their interſeRion at-'S, draw a Line from the 
given Point,as O'S, and that Line ſhall be parallel to the given Line AB; 


-— 


PROBL. IX. 
To make an Angle equal to au Angle given. 


Fig. IX. N Anele is made by the interſeFion of two Lines croſ- 
© A ſing one another, and not being direRtly joyned, as the 


 twoLines CA and BA do croſs each other in the Poitit Az and fo A 1s 


the angular Point, and the quantity of that Angle is the Arch-of the Cr- 
cle C B, deſcribed upon the angular Point A.---Now to make 'atiother 
Angle equal thercunto, as the Angle at D. Firſt draw 2 right Line DE, tt 
matters not of what length ( for the length of the Lines" do tot increaſe 
the Angles quantity at 'all, but the Arch of the Circle comprehended be- 
tween the Lines 3 ) then on the angular Point given A ( with'your Cotn- 
paſſes opened to any convenient diftance ) deſcribe the Arch B C 3 your 
Compaſſes open to the ſame diſtance, ſet.one foot of them in the Point D, 


| and with the other deſcribe the Arch EF; then with your Compaſles 


take the diſtance betwcen Band-C, and fet-the {ame upon the other Arch 
from E to F, and draw the Line D F : So ſhall the Angle at D be equal to 
the Avgle at A, which was required, © NO Ol Oy S 


PK :0:B:L;' X..: 


Three Right Lines being given ( of which the two ſhorter together 


muſt be longer than the longeſt) to make a Triangle whoſe ſides 
ſhall be equal t 0 thoſe three given Right Liz NS | OTH 


: Fig. þ 6 L5 the three Lines given be C, D, and E. | Firſt, take the 


Line G in your Compaſſes, and make the Line F G- equal 
thereunto, Secondly, Take the Line D in your Compaſſes, and ſetting 


. be foot in G, with the other deſcribe the Arch H H.. - Thitaly,” Take the 


Line E in your Compaſſes, and ſetting one ſoot in F, with the other de- 
[cribe the Arch SS, croſling the former Arch in K. Laſtty, Draw. the 
Lines GK and F K, and they ſhall conſtitute the Triangte G KF, whole 


* 


ſds are equal to the three given Lines, as Was required, 


_ PROBL. | 
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PROBL, XI. 


Few to make. a Geometrical Square, whoſe four {ides ſhall be equal 
bn 10a given Riglt Line. 


A Geometrical Square 1s a Figure whoſe four (ides are all equal, and whoſe 
Angles are all Right Angles, | 


*+ VE. F Et the given Line be S; take the length thereof, and- 
Frg. XE L make The Line T V <quat-to it : then on the end T 
(by the third or fourth Problem before ) ere the Perpendicular T X e- 
qual alſo te the given Line Sz then ſet one foot of your Compaſſes in X, 
and with the other.deſcribe the Arch PP 3 alſoſet one foot in V,and with 
the other deſcribe the Arch R R, croſſing-the former Arch in K, Laftly, 
draw the Lines V. EK and X K;: and you (hall have conſtituted a Geo- 
_— $ qaare; whole tides Ill be equal to the given Line S, ' as was te>- 
quired. | EL | 


PROBL, XI1T. 


T/fnd the Center of a Triangle, or of any three Pricks given, pros 


' vided they be not in a freight Line. 


| Fig.XIL. Ny three Points which lie not ina fireight Line, they will 


| be three Angles of a Triangle 3 fo here, let the three 
Points giver be ABC, For the doing this, divide any two of the ſides 
of the-Tyiaygle into two equal parts, by two Perpendiculars, as you are 
tauglht-in'the ſecond Problem before-going ; and where them perpendicu- 
lar Lines interſe& one another,- there is the Center of the Triangle, as 
here the Perpendicular Line dividing CB is D D, and that dividing | 
the ide AC is EE: Now theſe interſc& cach other in O, which. 
is the Center required. The like is to be underſtood in finding the 
Center of a Circle:. the three corners of the Triangle may be three pricks 
rn the Circle, and then procecd as here you have done, Bur by this you 


, may ſce, that a Line that goeth from one ſide of *a Circle to the other 


(drawn at pleaſure ) if that Line be divided into two equal parts by a 
Ferpendicular, the perpendicular Line will go through the Center, and - 
therefore *tis but continuing, it out from one fide of the Circle to thc other, 
and the. half of that Line which is ſo contained, is the fermi-diameter of 
the Circle, as half LL is from O the Center, 

PROEL, 


NY 
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> PROBE. X1IL. [1 
7iwo Points-within a Circle being given, how to find the Center of 
the Arch of a Great Circle, which ſhall paſs through thoſe 'two 


given Points. 
T7: | Great Circle upon the Sphere, is ſuch a Circle. as divideth 
Fig.XIIL A .the Sphere nth two equal parts 3 and fo, the Arch of 4 
Great Circle deſcribed upon a Plain, is ſuch an Arch as'dividdh the cir- 

| Cumterence of the primitive Circle given, into two equal parts. won 
To perform this. Let GBHD be the Primitive Circle, whoſe centerts 
.C, and ler the two given Points within - the fame, be X and Y. Firſt, 
through one of the given Points ( as X)) and the center of the Circle C, 
draw the Line X C, extending it: towards F : Upon this Line from the 
center C, ere& the Perpendicular CB, and draw the:Line B X, cutting 
the given Circle in G, through which Point'G and the'center,, draw the 
Line GCH: Then,through the Points B and H draw a Line,extending it 
.till it cut the LineXFinR; (o you have found a third Point,namely R, 
through which the Arch of the Great Gircle muſt paſs ; And now, having 
three Points, X, Y and R, you may through them ( by the laſt Problem ) 
draw the Arch of a Gircle, namely the Arch AX Y LR, whoſe center will 
be at K, and whoſe Arch will divide the Primitive Circle given," into-two 
equal parts, in the Points A and L. 


' Theſe two laſt-Problems are of 'ſingular nſe-in Projeting of the Sphere in 

| Plain by Circular Lines, and in meaſuring of the Sides and Angles of 
Spherical Triangles -upon that Projeftion: . Of which in this Treatiſe we 
ſhall bereafter treat in due place, As alſo in Great Circle Sailing, and 
Problems in Geograpby and Aſtronomy. | FT 


The End of the Geometrical-Problems. 
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CHAP. IT. | 
of the ProjeGiion of the Mariners Sea-Compabs. 


thing elſe but a -Circle' divided into thirty two equal” 
arte” Now for the doing of it, upon'one center dc-* 
(cibe three Circles as you ſee in the Figure following : 3 that done, drawa 
Line through the center, and it divides them all into two equal parts or* 
Hemeſphetes 3 then divide that into two equal parts by a Perpendicular, 
(from the outer Circle ) and fo the Circles are all divided into four cqual” 
parts, by the Lines W E and SN, which Lines ſtall repreſent” the Points* 
of North. South, Eaſt, and Weſt : this done, divide theſe four, cach'into 
two parts, and draw (from the center) thoſe divifions from the outer 
Circle to the inner Circle of all, then is-the whole Circles divided into- 
cight parts.” 
Then divide thoſe into two equal parts, and draw the Points from tlie* 


Fig. I. T* Compaſs conſils of thirty two Points, and. ſo is no- 


outer Circle to the innermoſt- ( as you did the laſt 3 and make the Points, 


obſerving to.make the North Point a whole point, and ſoducceſfively : 
The reſt of the Points will be ( every other ) a whole point and: your® | 


Compaſs now is in ſixteen Points, 


Laſtly, divide theſe into two equal parts,” and draw them from the out- 
ward Circle to the innermoſt of the greateſt Gircles 3 - and thus you have! 
your Compaſs divided into thirty two Points: jf-you will divide the parts 
again, it makes the half points, and is drawn to the third Circle'z that di-' 
vided, makes the quarters, draw them tothe ſecond Circle, and your Com-" 
paſs is hniſhed, as is ſignified j j Fig, |. following, 
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CHAP. IHE 
The Projeblion of the Mariners Plain Sgale.: 


Fg. I, His Scale is made thus : Deſcribe a Semicircle upon the 


Ling AB, and divide it into two'cqual parts by the Line' 
'COx 
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C1 Of the Mariners Plan Scale. 

C O that done, divide one of them Quadrants jnto 90 degrecs,and the 
other into eight points of the Compaſs 3-rhar'to be divided into 90 dep, 
muſt be firſt divided into three- equal parts, and every one of them into - 
' three equal parts, ( that is nin&in all ) and draw them to the third Cir- 
cle inward, which will repreſent 90 deg, and ſo muſt be every one of them 
divided into'ten equal parts 3 but 'tis bet to divide them into two parts 
firſt for the kfchs, and prick them, and then into five each, in all go. 

That to be divided into points of the Compaſls, is done as the Marinens 
Compals is: Now having a Scale of Wood before you gaged -( as the 
Lines on the Scale on the Figure ) take off B 10 and ſet it from R upan 
the Scale, then take off B 20 and {et it from R, and (o along till you come 
to 90 degrees 3 then take off every tiftlt degree in like, manner, and divide 
them fifths, as you ſee in the Scale, ſo that every of the great diviſions may 
contain ten of them: fo likewiſe take off the points of the Compaſs and 
” divide them into halves and quarters. , Now this is called the Line of 
Chords, becauſe *cis taken like the firing of a Bow or Arch, as BD is the 
String or Chord of 60 deg. and ſoof thepoints AF, is the Chord of 7 
points 3 and fo of the reſt, B Sis the tangent of the Arch BR. on 

The figne of any Arch is a Line let down from the-place appeinted in 
the Quadrent or Arch, to the Line that goeth through the Center perpen- 
dicularly,as DE is the ſigne of 60 deg, and fois taken off ſweeping that 
Lipe. After that manner take off 10, and then 20, and fo to go deg. 
and ſet them upon your Scale, -dividing them as far as you can into ten 
parts, and that will be a Line of Sines. OY 

There ſhould be a Scale of cqual parts, but that's what you will: :com-. 
monly 6 of them are equal to 60 degrees of the Line of Chords, and 
ſogo forwards with them the whole length of the Scale, onely the firlt e+ 
qual part you mult divide into ten equal parts, that ſo when the greater 
parts be counted ten, the {mall ones will be ( cach ). one 3 or if the great 
ones be one hundred (cach) the fimall-ones will be (each) ten 3 or it the 
orcat ones be one, the little ones will be ( each ) one tenth of a Unite :; 
You may figure the great@ivitiens 10, 20, and fo along as far as they 
£0. | rd So 
For failing by Mercator's (or the'true Sea) Chart, it were neceſſary that 
you have a Scale which wilt ſhew you how many Miles will tnake a degree 
of Longitude in any Latitude 3 and there 1s a Line called a Line of Longi- 
#:der, whichgs commonly put upon Mariners Plain Scales z The manner 
how to project the fame Line from this Scheme Fig, I. is thus: 

Divide the ſemi-diameter of . the Circle C O into fix equal parts in the 
points G HIK and L, and through thoſe points draw Lines, all parallc! 
. t the Diaineter OB, 35G M, HN; TO, KR, LP; this done, take with 
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Of rhe Mariners Flain Scale; 9 
your Compaſles the diſtances from C, to the reſpeQive points M, N, O, 
R, P, and ſet thoſe diſtances upon the Line of Longitude on your Scale 
from Q to 10, 20, 30, 40, and 50, dividing that Line into fix un- 
equal parts, which muſt be ( each of them ).ſub-divided into ten o« 
ther unequal parts, by dividing the ſpaces between O and G, G and 
H, &c. each into'ten qual parts, and drawing Parallels through them, 
and transfering them from the limb of the Quadrant CR B. as you 
did the others, This Scale is of good uſe in keeping of a Reckoning, 
according to Mercator's Sailing, in which the ufe of it ſhall be taught. 
And to make this Mariners Plain Scale the more compleat ( al- 
though Mr. Collins ſeems to have new plained this Plain Scale long 
fince, in his Book ſo called ) I would have added unto it the Secants 
and Tangents continued as far as theRuler will permit :. alſo two Lines 
of equal parts, of the ſame Radins with the Scales of Chords, Sines, and 
Tangents. All which additional Scales being of ſingular ule in Navi- 
gation, in making of Sea-Charts both plain, and according to Mercator 3 
as allo in projefing of the Sphere, Great Circle Sailing, and reſolving. of 
Geographical and Aſtronomical Problems, uſeful in Navigation, Examples 
of all which, ſhall be given in the following Treatiſe, I have there- 
fore in Fig, III. diſpoſed the Lines npon the Ruler according to the 
belt artifice that at preſent I could think upon, 
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©, OOH APEV; 
To Proje& the Sphere for 5 1 deg. 30 min. of North 
Latitude, the Sun having North Declination 18 


deg. oo min, 
Y taken from a Circle, and reduced to ſtreight Lines, as was 

taught in the third Chapter : therefore it may be taken from 
a ſireight Line, and (et upon a Circle of the ſame ſemi-diameter. 
Now the ſemi-diameter of ' the Circle that makes any Scale, is juſt 
60 deg. of the ſame Circle 3 fo that you can never be at a loſs, for 
the Circle that made the Scale, any thing taken from the Scale, may 
be applicd to the Circle, or the contrary. 


Ou areto take notice, that the Lines upon a Plain Scale arc 


C ; Now 
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v0 | Of ProjeGicng the Sphere 1 FT lain. 
Now to Projedt this Sphere, take 60 deg. from the Line 
Fig. F. of Chords, and upon the point Q, as a Genter, deſcribe the 


Circte AEG K, which Circle. repreſents the Meridian of 
the place, or. that Circle that riſeth from the North point -of the Ho- 


rizon at E, and goeth through the Zenith at G, to the South point of 


the ſame | Herizon at E. Divide this Circle into four equal parts, by 
the Lines AE, and G K, then AE repreſent the Horizon E the North 
point thereof, A the South point, G the Zenith right over us, O the 
Eaft and Weſt points of the Horizon, K the Nadir right under us 3 the 


| Line G K is a great Circle that cuts the Horizon in the points of Eaft 


and: Weſt, and is called the Eaſt and Weſt Azimuth, becauſe it comes 
through the Zenith and Nadir : S L repreſents the Axis of the World, 
or the Axis that the World turns upon L the Nortb Pole, S the South 
Pole; ES is the height of the North Pole above the Horizon, called 
the Poles Elevation, SA the depreſſion of the Sozth Pole under the 
Horizon 3 E I is the EquinoGial.and is always below the Zenith,as much 
as the Latitude is, and ſo is called the Latitude, for when you are un- 
der it, you are in no Latitude z F D is the Tropick of Cancer, BR js 
called the Tropick.of Capricorn : Theſe Lines are each 23 deg. 30min. 
diſtant from the-EquinoGial 3 one to the Northwards, the other to- the 
Southwards of it, and repreſent the outmoſt bounds of the Suns Decli- 
zation Northerly or Southerly, the Suns motion being always between 
them, carried about in the Ecliptick-line R D :. the Artick Circle is LI, 
and is 23 deg, 30 min. from the North Pole ; NN is the Autartick Cir- 
cle, as far from the South Pole, and the fpaces between them and the 


Poles, are called the Frozen Zones 3 and the ſpaces between them and 


the Tropicks, are called the Temperate Zonesz and. the ſpaces between the 
Tropicks.are the Torrid or Barning Zones, This may ſuffice fos a deſcri- 
ption of the Imaginary Circles in the Sphere : allLines that go through 
the Center, repreſent Great Circles, fuch as divides the Sphere into two 
equal Hemiſpheres. Theſe things premifſed, we now come to the re- 


 folving of ſome Aſtronomical Problems by the Projeflion, 


CHAP. 
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CHAP. V. 


Anno 1687. Latitude Northerly 50 deg. Declinati- 


0 Northerly 17 deg. 4.7 min. being the 23th of Tu- 
ly, I demaxd as followeth. 3thef 


| deg. TA 
He Meridian-Altitade of the Sun 57 47 
| The Suns eighth at 6 of the Clock I3 32 
3. The Suns Azimnth at 6 of the Clock 14 13 
4. The Suns heighth being due Eaft or Weſt 28 22 


5. The Suns Amplitude of Rifing and Setting Northerly 28 24 . 
6, The Suns place in the Ecliptick is 10 deg, of Lee 49 59 


T, 
2, 


7. The Suns Right Aſcenſion | 46 29 
ho. min. ſec. 
8. The difference of Aſcenſion OL 29 52 
9, The time of the Suns Riſing | 04 30. os 
x0. The time of the Suns Setting O7 29 52 
1T, The length of the Day 14 5359. 44 
12, The length of the Night O9 OO 16 
13. The time of Day breaking | O2 42 Oo 
I4. The time of Twi-light ending o9 18 oo 
15. The continuence of Twi-light | or 45 ©o 
16.. The time of the Suns being due Eft 07-29-48 


I7. The time of his being due Weſt O4 
18, The length of the Longeſt Day and Night in that Lat. 16 10 oo 
I9. The length of the Shorteſt Day and Night in thatLat. o7 50 o0 


PRoOB, I. 
To find the Meridian- Altitude of the Sun. 


Fig. LTH Meridian-Altitude of the Sun, is his heighth that day 

when he is upon the Meridian, or over the South point 

of the Compaſs, which is ms: by AD. Fix your _— 
| : 7 
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A. and extend the other point to D, (the place where the Suns paral- 
Il of Declination cuts the Meridian, ) and that diſtance apply to yaur 
Scale of Chords, and what number of degrees it falls upon the Scale, 
ſo high above the South point of the Horizon is the Sun that day at 
noon : *Tis here 57 deg. 47 min. | | 


PRO8. II. 
To find the Suns Heighth at 6 of the Cheek © 


WW Here the Suns parallel of Declination cuts the Axir of the World; 


there is the Sun at 6 of the Clock 3. therefore Q T is the di- 
* ſtance that the Sun is from the Horizon at that time : Take it off from 
Q, fiveeping the Horizon AH at T.and ſet it upon your Line of Sine-, 
and ſo many degrees as it is there, ſo much is the Suns heighth at- 6 
of the Clock 3 1 tind it _here to be 13 deg. 32 min. The reaſon that I 
did not apply it to the Line of Chords, is, becauſe 'tis a diſtance taken 


from a fireight Line, and fo. a Sine, as you may ſee by the Projection. 


of the Plain Scale. 


PARoO8B.IIL. 
To find the Suns Azimuth at 6 of the Clock. 


aHe Suns Azimuth at 6 of the Clock, is his-neareſt diſtance from 
the Eaſt and Weſt Azimuth, and is taken from Q-to W, (weep- 


ing that Line :. apply it to your Line of Sines, and ſo many degrees - 


and minutes as it is,{o much is the Sun from the Eaſt point of the Come 
paſt at 6 of the Clock, Itis here 14. deg. 13 min. 


| Paos.1V. 5 
To find the Sans Amplitude of Rifing and Setting: 


T*? Suns Amplitude of riſing and ſetting, is the number of degrees 


and minutes that the Sun ri{eth from the Eaft, or ſets from the 

Wt point of -the- Horizon, and is of great uſe at Sea, to find the Varia- 
. tion of the Compaſſ ( for *tis the true Amplitude, ) Now to know it, 
fix one foot of your Compaſſes in- the Horizon, at the place where the: 
Sun rifeth ( which is at P) and extend the other point to the Eaft 
yoint- of the Hoxizon, ( which is at the center of the Sphere, at the 
; F POINT 


T0 
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point T.and = ) and apply it to your Lines of Sines, and it-gives 
your deſire. It is here in this caſe 28 deg. 24 min, and it is ſo much * 
to the Northwards of the Eaſt, becauſe the Sun hath North Declina- 


tion. | | 


PROB, V. 
To find the Suns Heighth, being due Eaſt or Welt. 


He Sun is over the Eaſt point of the Compaſs, when his parallel of 
Declination cuts the Eaſt and Wett Azimath ( as you may ſee in 

the Scheme ) at G. Fix your:Compaſles at G, and open them to the 
center of the Sphere, ard that diſtance apply to your Line of Sines, ard 
it gives your defire. * Tis here 26 deg. 22 min, 


PROB. VI. 
Zo find the Suns- place in the Ecliptick. 


" He Swns place in the Ecliptick, is his neareſt diſtance from the place 
in the Eclzptick, that his parallel of Declination cats it, to the 
next or neareſt EquinoCtial point, which 1s.S Y' : Take that diſtance 
off, and apply it to your Line of Sznes, and it: gives your defire, It is 
here 46 deg. 29 min. from the next or- neareſt Equinoctial point. 
Bat if you have a mind to meaſure theſe ireight Lines by your Line 
of Chords, you may reduce your diſtances {o taken.into a-Chord, thus : 
Take your diſtance, and from a place on the circumference of the Sphere, 
{weep ſome Lines that. goeth through the Center, as here from X the 
Line XN R ſweeps the Horizon, and is a Perpendicular let fall to R up- 
on it: Now X R is the $;ze of the Arch, of which X A is the Chord- 
of. the ſame 3 ſo that if you take R A off, and apply it to your Line of 
Chords, it gives the ſame thing. And thus you may reduce a Sine into 
a Chord, or the Contrary z but for the Suns place, Erefer you to Fiz. IV. 
and.tor his Right Aſcenſion allo.. Gr | 


PADR. 
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PrRoB. VII. 
To find the difference of Aſcenſion. 


Note, That 15 degrees is one hour in time, 15 minutes of a degree is one 
minate of time z ſo that one degree is 4 minutes of time. 


+ difference of Aſcenſion is the time between the Suns riſing and 

6 of the Clock, or how long the Sun riſcth before or after 6 of 
the Clock 3 in this caſe he riſeth before 6, for he riſeth atP, and it is 
not 6: of the Clock till he comes to Q 3 ſo that the difference of Aſcen- 
fion is PQ, and is taken from a Line that is ſhorter than a Line that 
goeth through the Center, or { more properly ) from a Gircle that is 
leſſer than a great Circle of the Sphere. Now in this caſe, your diſtance 
taken off muſt be extendcd to that Circle that your Scale was made by, 
which is the Meridian of the Sphere; and you may do it thus : Take 
half the length of the Line that your diſtance is to be taken off from, 
as here *tis the parallel of the Suns Declination, ( which is Q D)) and 
fixing your Compaſſes in the Center of the Sphere, with that diſtance 
deſcribe an Arch ( from ſome Line that goeth through the Center ) 
as the Arch 2 2 3 then take off the difference of Aſcenſion PQ, and 
apply it as a Sine to that Arch, from ſome place in it, that it may juſt 
{weep the Line that goeth through the Center, as here it will from 3 3 
then lay your Scale by the Center of the Sphere, and draw the ſhort 
Line 3 4- Now 'tis apparent that the Arch 3 2 on the little Arch, is 
the ſame that the Arch 4 A is upon the great Arch: therefore 4 A 
taken off and applied to your Line of Chords, is the difference of Aſcen- 
ſion in degrees and minutes, and I find It here to be 22 deg. 3o mm. 
which converted into time, is x ho. 30 min. the difference of Aſcenſion in 
time > (0 much (in this caſe ) the Sun riſeth before 6-of the Clock. 
| The way to convert your degrees into time, is to multiply them by 4, 
and that brings them into minutes of time 3 and if the. number of mi- 
nutes of time exceed 60, divide your minutes by 60, and the Quotient 
will be hours, the remainder of the divifion will be minztes 3 if there be 


above 15 min. of a degree(beſides the even degrees)adde it to your time 
, or 1 min. if 30, for 2 min. of time,&c, 


PROB, 
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PROB., VIILIX. 
To find the time of the Suns Riſing, and the length of the day. 


Aving found the difference of Aſcenſion,as before,look in theScheme,. 
H and conlider whether it be before or after 6 of the Clock that the 
Sun riſeth at that time 3 I ſee in this Example it is before 6, ſo that 
then I conclude the Forenoon is longer than 6 hours, by all this diffe- . 
rence of Aſcenſion : therefore adde it to 6 hours, and it gives the length- 
of the Forenoon 3 and that doubled, is the length of the day, 14 bo. 
59 min. 44 ſec. I (aid before, that the Forenoon is longer than 6 hours, 
by. the difference of Aſcenſion, why then ſubſtra& the difference of Aſcen- 
fon from 6 hours, and it gives the time of the Suns rifing, which in- 
this Example is at 4 ho. 30 min. 8 ſec. | 

Likewife, if you adde the ſame difference of Aſcenſion to 6 hours, It 
gives the time of the Suns ſetting ( which in this Example: is at 7 hos. 
29 min. 52 ſec.) 

If you would find the length of the night, ſubſiract the length of the 
day from 24 hours, and it leaves the length of- the night 3. which in-+ 
this Example is 9 ho. 00 min. 16 ſec, | 


PROB. X. POO Es 
To find the time of the Suns being duc Faſt or Weſt... 


Wy Rr the Suns parallel of Declination cuts-the Eaſt and Weſt 4-- 
zimuth, there the Sun is when he is over the -Eaſt-point of the 
Compaſs: Then from 6 of the Clock to that place which is ſo cut by: 
the Suns parallel of Declination ( which is Q/G ) take off and extend- 
it to the Chord of your Circle the Scalz was made by ( as you did the. 
difference of Aſeenfion) and the number of degrees arid minutes con- 
vert into time, and adde it to 6 hours, and it-makes the time of the. 
Suns being due Eaſt that day. I hope you (ee the reafon why it muſt- 
be added : it's becauſe *tis after 6 (before its over that point) I find it. 
to bein the Example 22 deg. 3o min. aftcr'6 of the Clock, that is, at- 
7 a Glock 30min. Now for the time of the Suns being over the Weſt - 
point of the Compaſs, that muſt be as much before 6-hours in the after- - 


noon, and therefore ſubſtra@ it from 6 hours, and you.have your deſire. . 
"Tis here 4 ho, 30 min, 


PROB, 
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PROB, XL. | 
To find the Tength of the longeſt Day inthat Latitnde, or ſhorteſt 
Day or longeſt Night, or ſhorteſt Night. 


] N any North Latitude, the Suns parallel of Deglination muſt be the 


Tropick, of Cancer, to make. the longeſt day, Now the difference of 
Aſcenſun that day is a b3 take it and ſet it off after the manner I 'did 
before, uſing the Tropick as I did the parallel of the Suns Declination, 
and extend it to the Circle of the Scale, and fo many degrees and mi- 


nutes is the difference of Aſcenſion that day 3 itis 30 deg. 20 min. which 


converted into time, is 2 þo,”50 min, and that added to 6 hours, gives 
the length of the forenoon 3' which doubled, is the length of the lon- 
geſt day in that Latitude; equal to which, is the longett night: again, 
that ſubſtracted from 24 hours, leaves the length of the ſhorteſt night, 
which is equal to the ſhorteſt day. | 


| PROB. XIIL. 
To find the time of Day-breaking, and the time of Twi-light 
ending. 
FT is the Opinion of all Aſtronomers, that the day breaks when the 


Sun is 18 degrees under the Horizon : therefore take 18 degrees 
frem the Line of Chords, and under the Horizon ſet it off, and draw a 


Line-parallel to the Horizon ( as'the Line 8 $3) next, ſee where the ' 


parallel of the *Suns Declination cuts the parallel of 18 degrees, and 


meaſurefrom. thence to 6 of the Clock, and convert: the degrees and © 


minutes into- time, and {ubſtract it from 6 of the Clock, and it gives 
you the time of day-breaking. It's here 2 ho. 42 min. | 

If you would find the time of- Twi-light ending, adde the ſame to 
6 hours, and it gives the time of Twi-light -ending 3 which 1s 9 ho. 
18 min. inithe evening. 
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.,PROB. XITL | 
o find the continuance of Twi-light. 


8 ew 18 deg, Q ( the time between the Suns giving light and 6 
. a Clock )) and convert it into time 3 and from that, if you _ 
ad 1 ſira 
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firact P Q the difference of Aſcenſion; the remainder is P 18, the conti- 


nuance of Twi-light 3 which is in this Example 1 ho. 48- min, 


Pao8B. XIV. 
To divide the Ecliptick into Signes,by the Line of Sines. 


Ote, That there be 12 Szones, and they divide the Ecliptick Line, 
or.Circle, into 12 equal parts. Now becauſe the Ecliptick is 

360 degrees, therefore 3o degrees is contained in each Signe, ( 12 times 

30 being 360.) The Characters of the S7gnes arc theſe following, 


Aries, Taurus. Geminy, Cancer, Leo. Virgo. 
V-- S I S Ji 1's 


Libra. Scorpio. Sagittarius. Capricornits. Aquarius, Piſces... 
—1 Nt WE” Wy 85 X 


In. North Latitude - 50 deg. 00 min. Declination Northerly' 
17 deg. 47 min. 


770. TT, A S1 faid before,there be 30 degrees to every Signe, take 
Fig I A off 30.degrees from your Scale of Chords, (if-you 
have no Lineof $ines_) and reduce it into a Signe, and ſet it from the 
center of your Sphere on both fides upon the Ecliptick, as here to ©, 
and then ſet off 60 deg. which is two Signes, then 90 deg, which will . 
be to the edge of the Circle, and is three Signes, and mark them, thus : | 
From V' to S, the firſt threez and back from S to > 3 from that to 
W; and laſtly, from that to Y : and thus the Ecliptick, is divided into - 
twelve parts, or Signes. For though a plain ſuperfices doth not de- 
monſirate the Lines to be Circles, yet you muſt conceive of them fo : 
for you know all Lines drawn upon a Circle, muſt be ſo, or parts of _ 
Circles. Thus you muſt conceive of this Line to be forwards and - 
back again, the whole.Great Circle called the Ecliptick, 


: a—_ FF. . 
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PROB, XV. | 
"Latitude 50 deg. oo min. . Northerly, Declination Northerly 
17 deg. 47 min. 7 demand the Suns place in the Fcliptick, 
and his Right Aſcenſion the 23th of July 1657. 


Fig. IV. F He Suns place in the Ecliptick ( as I ſaid before ) is 
boy ' his nearett diſtance from the next Equinodtial point ©. 
in the Ecliptick Line, ( or to the neareſt place where the Equtno@ial + 
and the Ecliptick intei{e& one another ) which is at Y from B ( the * 
place in the Ecliptick 3 ) ſo then take Y B off, and apply it to your © 
Line of Sires, or ( if you have no Line of Sines ) extcnd it toa Chord, | 
and apply it to your Line of Chords. £ 
The Suns Right Aſcenſion is Y' C, equal to BD but to meaſure 
D B, take halt the levgth of the Line R O, which is DO, and de- - 
ſcribe the Arch LP, and take DB and (ct it a Sine upon the Arch LP, 
and it meaſures to L, ( the Sine FL.) Lay your Scale from the center 
of your Circle to L, and draw the Line LN to the edge of the circum- 
(erence; that done, take N K, and apply it to the Line of Chords, and 
as many degrecs and minutes as it is, ſo many degrees and minutes is 
the Suns Right Aſcenſion that day : and thus you may extend any little 
Circle to the Circle your Scale is made by, or the contrary z; for LP 
is the ſame quantity upon the little Gircle, that N K is upon the grea- 
ter. 1 tind the Suns, place here tobe 49 deg. 59 min, Right Aſcenſion 
is the number of degrees and minutes that come from Aries to the Me- 
rtdian, which the Sun or Star, as here Y C, goeth along, as DB doth, | | 
and the Arch or Mcridian B C, would come to the Meridian at OS at 
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the (ame time. : | 
November 10. 1687. i North Latitude 50 deg. oo min. De- ; 
clination Seutherly 17 Geg. 47 min] demand, as followeth. |} | 
deg. min. 1 ; 
I, He Mcridian- Altitude of the Sun 33 20 ! 
2, The Suns Amplitad: of riting and ſetting 28 24 ? 
3. :The Suns beighth at 6 of the Clock not up by 46 q 


4. The Suns beighth, bcing due Eait or 1Vejt not up by CY $ 
5, Jne Suns Azimuth at 6 of the Clock 14 13 f [ 
6. The }: 


Sa 
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i The Suns place in the Ecliptick,, is in. 28 deg. 59 min. 
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arg. Min, 


7, The Suns Right Aſcenſion | 46 29. 
ha, min. 

8. The difference of Afeenſion O01 3o- 

9. The time of the Suns riſing. _ 07 30 
10. The time of the Suns ſetting 04 3O 
11. The length of the day O09. OO 
12, The length of the night | 15 ©0 
13, The time of the Suns being due Eaſt 04 31:7... 
14, The time of the Suns being due Wet 0 - 28 38: 
15. The time of day breaking 05 42 
15, The time of Twi-ligbt ending 06 18 
17. The continuance of Twi-light on 4s. 


18, The length of the Jongeſt day or night in that Lat. 16 10 
19. The length of the ſhorteſt day or night in that Lat, o7 50 


For the performance of theſe things, I projet a Sphere PFjo, V. . 
for the Latitude given, and ſet my paralle} of Declination —- 

to the {puthwards of the EquinoGial, (according to the Propoſal ) and 
it is repreſented by RO3 and fo proceed to meaſure all thoſe things 
required, - And, 

Firſt, For the Meridian-Altitude of the Sun, itis AQ; take it off. 
as before hath been ſhewcd, I find it here 22 deg. 3o min. 

Next, for the Suns Amplitude of rifing and ſetting, it is LY take it 
off, as hath been ſhewed before, and ſet it down : in this Example it's 
Y 8 4g 24 min, and fo much the Sun riſeth ro the ſouthwards of the 

a(t. | | 

For the Suns heighth at 6 of the Clock, look and find where the + 
Suns parallel of Declination cuts the Axis of the World, and there is. 
6 of the Clock, namely, at 6. Now you ſee the Sun is not up at 6 of 
the Glock, by the whole difference of Aſcenſion 6 L, 

For the Suns heighth being due Eaſt or 1 eſt, the Sun is at C, when 
he croſſes the Eaſt point of the Gompaſs, and ſo is not up. - 

The Suns Azimuth at 6 of the Clock; is BS 3 take it off ( as in the 
Example of North Declination before ) *is here 14 deg. 13 min, 

The Suns place in the Ecliptick,is F Y,, and is take off, as is ſhew- 
ed in in the former Example of that nature : I find it to be here 28 deg. 
$9 mins of MN, - - --- 


D 2 The 
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The Suns Right Aſcenſion is 6 F, equal to S Y,, and is taken off, as 1 
have ſhewed in the Example before 3 and find it 46 dep. 29 min. 

The difference of Aſcenſion is 6 L, and is taken off, as in the Example 
done before of this nature : It is here 1 ho, 30 mzn. 

The time of the Suns rifing is after 6 of the Clock the whole diffe- 
rence of Aſcenſion, {o that being added to 6 hours, makes the time of the 
Suns rifing: It's 7 bo. 30 min. 

For the time of the Suns ſetting, ſubſixac it from 6 hours, and you 
have the Sun to ſet at 4 ho. 3o min. | | 

For the length of the day (fee in the laſt done) the length of the 
afternoon, and double that, and *tis the length of the day : it is 9 bo. 
oO min, This ſubſtracted froin the whole 24 hours, muſt leave the 

length of the night, which is r5 ho. 
| For the time of the Suns being due Eaft, take C6 and convert it 
into time, and ſubſtract it from 6 of the Clock, and it gives the time of 
the Suns being due Eaſt, which is 4. ho. 31 min. 8 ſec. (for you ſee the 
Sun cuts at the Eaſt and Weſt Azimnth ſolong before 6 of the Clock.) 

For the time of the Suns being'due Weſt, adde the fame C 6 (laſk 
found ) to 6 hours, and it makes the time of his being due Weſt,which 
is in this caſe 7 ho. 29 min, Zo ſec. and the reaſon is plain, foraſmuch 
as the Sun is due Eaft before 6, fo much he is due Weſt after 6 in the 
evening, | | "Y 

The time of Day breaking is * 6; take it off and convert it into 
time, and ſ{ubſiract it from 6 hours ( becauſe *cis before 6 ) and it 
gives your deſire, 5 ho, 42 min. adde it to 6 hours, and it gives the 
time of Twi-light ending, which is 6 þs. 18 min. 

The continuance of Twi-light is 6 L; take it off ( as hath been be- 
fore ſhewed ) and convert it into time, its I ho. 4.8 men. 

For the longeſt day in that Latitude, take BE for the difference of 
Aſeenſion, and ( when converted into time ) adde it to 6 hours, and 
that doubled, is the length of the day \ that ſubſfiraced from 24 hours, 
is the Jength of the ſhorteſt day, or night 3 ( the longeſt day is equal to 
the longeſt night ) butif you will for the length of the ſhorteſt day, you 
may take Q Q for the difference of Aſcenſon, and convert it into time, 
and ſubſiraCt it tron 6 hours, and it gives the length of half the ſhorteſt 
diy, which doubled, is the length of the ſhorteſt day or night. 


\ 
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Latitude 50 deg. oo min. Southerly, Declination Southerly © 
x 7 deg. 47 min. 7 demand, as before. 


: Hope this will not ſeem tedious, becauſe it may be dif- 
Fig. VE] Fry for a Learner to underſtand it {o well without it, 
To ere a Sphere of this nature, you muſt conſider the Soxth Pole is 
now elevated, and therefore {et your Latitude from the South point of 
- the Horizon upwards for the elevation of the South Pole, as HI; the 
ſame diſtance ſet from the Zenith towards the North point of the Ho- 
rizon upon the Meridian for the EquinoGtial, as EN 3 the ſame from 
the North point of the Horizon A, downwards for the North Pole, as 
AB, and draw the Axis of the World IB, and the EquinoRial NE, 
then ſet off the Trepicks, and draw them as hath been taught already, 
and allo the Ecliptich. 

The Sphere thus finiſhed, we proceed to the Queſiiens, which I one- 
ly intend to (hew where they muſt be taken off, and leave the practice 
of 1t to you. 


1, The Meridian-Altitude of the Sun, is above the North Pole of the 

Horizon AM. 

2, The Suns Amplitude of riſing and ſetting, is Þ Y, to the ſouth- 
wards of the Eaſt, 

3+ The Suns heighth at 6 of the Clock, is 6 Z. 

4. The Suns Azimuthat 6 of the Clock, is 6 S. 

5. The Suns heighth, being due Eaſt or eſt, is SV. 

6, The Suns place in the Ecliptick, is LY. 

7. The Suns Right Aſcenſion, is L 6. 

8, The difference of -Aſcenſion, is P'6, after the Sun is riſen, | 

9. The length of the Day is longer than 12 hours, by double the dif- 
ference of Aſcenſion. 

4 O. The length of the Night is the length of the day ſubſtracted from 
24 hours. 

11, The time of the Suns riſing, is Þ 6, before 6 a Clock. 

12, The time of the Suns ſetting, is as much after 6 a Clock. 

13. The time of the Suns being due Ez{t, is 6 S, added to 6 hoxrs. 

I4. The time of the Suns being due 7Yef, is the ſame ſubiaQted 
from 6 hours, | 


| 15. The Jongeſt day is found by O 6.for the difference of Aſcnfion that 
day. | 
16, The 
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16, The longef night is cqual to it 3 the ſhorteſt day and night is 
that ſubſiracted from 24 hours. 
PRO8B. XVII. 


To find the Suns Azimuth at any time of the day is any Lati- | 
' tude. =. 


T Heſe foregoing are the chief uſes of this Projection in Aſtronomy that 
'& can be performed by the Plain Scale, which do not require 
the Altitude of the Sun; bat this following Problem ( viz. to find the 
Suns Azimuth at any time, as well as at noon, Sun riſing, or being due Eaft 
or Weſt ) being fo general, and of fuch uſe in the finding of the true 
Meridian, and from thence the Variation of the Compaſi z that I thought 
good to ſhew you how eafily and exadaly it may be done by the Line 
of Chords onely : and for that end, I (hall refer you to Fig. IH. in the 
fourteenth Problem. of this Chapter z where the Sphere is projeRed for 
the Latitude of 50 deg. North, and for the Suns Declination 17 deg. *® 
47 min. North. In which Scheme, HZON repreſents » 
Fig. TIF. the Meridian, HO the Horizon, ZN the Azimuth of Eaſt 
: and Weſt, P the North Pole, S the South Pole, X,Y S, oe, 
the EquinoGial, S S the Tropick of Cancer, Y Vf the Tropick of Capricorn, \ 
and S V ( with the reſiof the Signes upon it ) the Ecliptick, 
The Scheme being thus prepared, take 50 deg. the Latitude, from 
your Scale of Chords, and ſet it upon the Meridian from Z to X, from 
N to c&, alſo from O to P, andfromHtoS 3 and draw AX for the E- 
mtinofial, and P'S for the Axis of the WWorld---Then, the Suns Declina- 
tion beirg 17 deg. 47 min. Northward, take that out of your Scale of | 
Chords, and {ct it upon the Meridian from X and co, to D and D; to- *® 
wards Þ the North Pole, ( becauſe the Declivation was Northward) * 
and draw the Line DD for- the Parallel of the Suns Declination or |} 
Courſe tor that day.---- Alſo, take 35 degrees (the Suns Altitude obſer- | 
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ved )and fet it from Hto Land from O to L, drawing the Line L Lifor 
the Line of the Suns Altztude, cutting the Line DD in the point ©, 7 
( which is the place in the Heavens in which the Sun was at the time * 
of Obſervation.) ---- This done, take halt the length of the Line LL, ! 
viz, 1%, L, in your Compaſſes, and ſetting one foot in the Genter, noted * 
with }* and =, deſcribe the Circle CAF; and from the point © e- © 
rec a Pexpendicular © A, cutting the Circle laſt deſcribed in the point * 
A---Laſily, lay. a Ruler from the Center at Y and ©, to the point A, 
and draw the Line AB,-and your work is ended. 


And 
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And then, By 
HB meaſured upon the Scale of Chords, ſhall be the Suns Azimuth from 
the South, and ſhall be C in this Example ) 77 deg. $ min, 


B Z the Suns Azimath from the Eaſt or Weſt, and ſhall be 
| 12 dep. 52 mit: 
BO ſhall be the Suns Azimuthirom the North part of the Meridian,and 
meaſured upon your Scale of Chords,ſhallcontain 102 deg. 52 min. 


This laſt Problem is of excellent aſe in Navigation, for that you may 
thereby find the Variation of your Compaſ{ at any time of the day, as 
well ( nay bettcr ) than by a Meridian-Altitude. 


Many more Problems in Aſtronomy, and alſo in Geography, may be 
performed by this PxojeQion 3 but let theſe ſuffice, till I ſhew you 
farther Uſes of this Scale in other ProjeAions of the Sphere in 
Plano - FE, 
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The Uſe of the GLOBES. 


CHAP. VI 
The Uſe of the Terreſtial Globe. 


Globe.is an Inſtrument ſo well known, that it will be but loſt 
time to expreſs what its Materials are; and therefore I ſhall 


onely touch at that in the Uſe of it, as followeth in ſeveral 


Problems. 


PROB. I. | 
Having the Latitude of any place grven, to ſet the Globe to it. 


Ithin the brazen Circle the whole Globe turns ( which. is cal- 

led the Graduated Meridian ) and is divided from the Poles or 
Axel-trees thereof, cach way into 90 degrees. Now to ſet the Globe 
to any Latitude propoſed, turn the Meridian in the Frame, till the de- 
grees that you would ſet him to, cuts with the Horizon of the Globe, 


(which 


b IF, 
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( which is the flat round Frame of Wood in which the brazen Meridi- 
an turns.) 3 if the Latitude be Nortberly, let the North Pole be elevated 
from the Horizon if it be South Latitude, let the South Pole be elevated, 
and ſo it's ſet right (and if you fet the Meridian due North and 


South. ) it repreſents ( in either Globe ) the truc ſtanding of the Hea- 
vens or Earth, . 


PROB. II. 
To find the Latitude of any place upon the Globe, 


" Ock on the Globe for the place, and turn the whole body till that; 
FA _, place comes under the Gradwated Meridian, and the degree that 
falls upon it, is the Latitude of that place. 6 

So if you turn it for the Lizard ( and the Globe be made true ) 
you will tind the degree on the braſs Meridian over it to be 50 deg. 


PROB, [II 
To find how two places bears one from the other. 


"FO do this, there is. a Quadrant of, Altitude which is to be fa-- 

. Rened upon the brazen Meridian, and to be taken off at plea- 

ſure: ſet the Globe to the Latitude of one of the places, then 

turn the body till that place comes under the brazen Meridian, and: 

{crue on the Quadrant of Altitude, then turn ft fo that it may cut di- 

realy over the other-place, whole bearing you would know, and ſee 

upon what degree of the Horizon the ſame edge cuts, for that is the. 
bearing of theſe places one from the other, as was required, 


PROB. IV. 
To find the diſtance between two places. 


Or this, ſuppoſe the Quadrant of Altitude et over one 'of the pla-- 

" ces given on the brazen Meridian, turns it ( as it was directed in. 
the laſt Example ) over the other, and to the number of degrees that 
xs between. them. ( on. that quadrant ) isthe thing required. 


PROB, 
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; PaoB.V.. pp 
To find the Longitude of any place. 


=5 Urn the place whoſe Longitude is required, to the Graduated 
Meridian, and at the ſame time the Meridian will cut the E- 


quino&ial in the degtee of Longitude that place lies in 3 for 
the EquinoRial is divided into degrees, 


[ OE— 


CHAP. VIE. 
The Uſe of the Caleſtial Globe. 


PRO B., "2p | 


Having the day of the Month given, to find the Signe and de- 
gree of the Feliprick the Sun ze. . 


N the wooden Horizon is a Kalendar 3 look in it for the day of the 


month, and right againſt it is the Signe, and the degree of that 
Signe, hes lots. * Oe gne, gr 


PAo8. II. 
To find the Amplitude of the Suns rifing or ſetting. 


Ring the Suns place in the Ecliptick, upon the Globe, to the Hori- 
20n, and count the degrees upon the Horizon between that and 
the EquinoRials, ( cutting of it, and you have your defire ) for where 


the EquinoQtial cuts the Horizon, there is the Eaſt or Weſt points of 
the Horizon, | | 


«> | FROB, 
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| ProO8B. IL "a 
To find the time of the Sus rifmug and ſetting. 


Note, Upon the North Pole of #be Glube there is a braſs Cirele with an To- 
dex that twrns round vepen it this Circle is divided from 12 a Clock at 
noon, to 12 a Clock, at night and ſo from 13 a Clock at night, to 12 a 
Elock at noon, ſtill forwards, the {ame way for the hours of the «wy and 
night. ng X 


Ow to place the Index of the Hour-circle for any day of the year; 
you mult ſet it to 12 on the upper edge of the Hour-circle 3 then 
is the Hour-circle refed, | | | 
Now to know the time of the Suns riſing, ſet the Globe to the Lati- 
tude that you are in, and look in the FEcliptick for the degree of the 
Signe the Sun is in, and, before you place the Index at 12 a Glock, turn: 
that degree to the graduated braſs Meridian, and keeping of it there, 
ſet the Index to the hour of x2.on' the upper edge of. the Hour-circle, 
then tun the Globe till the degree of the Suns place in the Ecliprick. 
cut the Eaſt fide of the Horizon, . ( Now the Jadex will turg with it 
upon the Hour-circle, and point to the hour of the Suns riſing ) or if 
tured jtp.the Well; fide ok the. Horizgn, it will ſhew. the time of the 


PROB. IV. 
To find the Declination, having his place given. 


Ook for the Suns pace in the Ecliptick, and turn the degree of his: 
Lov to the graduated. brazon. Meridian, and ſo many degrees'as 
is between, that and the EquipoQual., (on the Globe ) ſo many degrees 
is the Syns Decljnatian cither Northerly or Southezly, according as-the 


P ROB, V. 
To find the Suns Meridian-Altitude any day. 


- 


| Jynch the Suns place in the Fcliptick ( as hath been ſhewn )- 
F, and tum that degree.to the brazon Meridian, then ſee how many 


degrees: 
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degrees is between that and the Horizon, and ſo much'is the Suris Me- * 
ridian-Altitude that day. 


PROS, VL. _ 
To find the Altitude of the Sun any hour of the day. 


CEt the Globe to the Latitude, then find the Suns place, and ſet the 
I degree of the Suns place to the brazen Mexidianz alfo ſet the. 
Index to 12 of the Clock on the Hour-circle, then turn the Globe till 
the Index cuts the hour you would know his heighth at, and fo tet ic 
ftand till yoa have ſcrued on the Quadrant of Altitude to the brazen 
Meridian,in that part of it that is the Zenith (as the Globe now ſtands) 
and turn it ſo as you may cut the Sun in the Ecliptick;. and ſo many 
degrees as is between the Suns place and the Horizon. on that Qua- 
drant of Altitude, fo high is the Sun at that time. 


PRO B. VII. | 
To find the hour of the day by the Globe., 


Ith a Quadrant, or other Inftramant, take the Altitude of the 

San, and then this. is but the convezle of the former : for ha- 

ving the Globe ſet to the Latitude, and the Index reQtified, and the 

Suns place under the brazen Meridian, and the Quadrant of Altitude 

{crued on at the Zenith, turn the Globe ſo that the Suns place may cut 

that Alticude on the Quadrant,, and then will the Index point out the 
hour of the day upon the Hour-circle. £4 


PROB., VIIL 


To find the Meridian-Altitude of a Star, or his beighth at any 
time of the night. 


Y Ou have the Stars placed in the Celeſtial Globe, ſo that you may 

{eehow to tuen the Star to the brazen Meridian, better than the 
Suns place in the Ecliptick , and thenprocecd as you did in the caſes 
of this.nature about the Sun. | 


E2 _ PROB. 
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'PROB. IX. | 
To find the Right Aſcenſion and Declination, as alſo the Oblique 
Aſcenſion of the Sun or Star is any Latitude. 1 
® 
Www Hen you have reQifed the Clobe, bring the Suns place to the 
Meridian under the Horizon, and the degree of the Equino- 
Rial that comes with it to the Meridian, is the Right Aſcenſion, 


Note, If they will reach no part of the Meridian under the Horizon, they 
> . bave no Right Aſcenſion. | 


| If you would find the Oblique Aſcenſion bring its place to the Eaſt 
fide of the Horizon, and where the Horizon cuts the Equinodtial, is the 
Oblique Aſcenſion of either Sun or Star. Rs 

If you would find the Obliqne Deſcenſion, bring the Suns place to the 
Weſt fide of the Horizon, as you did the other to the Eaſt fide, then 
work as before. ; 


PROB., X%. 


To know what Stars are above the Florizon at any time of the 
day or night. 


Pp the Globe in a true poſition, and then if you would know 
& Cin the day-time ) what Stars are up, or above your Horizon, - 
firſt take the Altitude of the Sun, and turn about the Globe till you 
bring the Suns degree or place to the Altitude taken 3 ( on the Qua- 
dranc of Altitude ſcrued to the Zenith ) ſtay the Globe there, and you 


will ſee all the Stars that are above the wooden Horizon repreſented 
unto yOu. | 


| PROB; XI. 
To know the time of night by the Globe. 


Ake the Altitude of ſome known Star, then reifie the Index of 

your Hour-circle according to the day of. the month, then turn 

the Globe till you make the Star ( taken ) come to agree with, or cut 
upon the Quadrant of Altitude . at that degree on it that the Star "—_ 

| tic 
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high, and at the ſame time, the Index on the Hour:-circle will point to 
the time of night. | O | 

If the Star be paſt the Meridian, turn the Quadrant of Altitude to the 
Welſiwards of the Metidian 3 but if the Star be rifing, to the Eaſtward 
of the lame. a | | 

Theſe things may be wrought upon the Globe, and divers others, 
but not with that exacnels as by thoſe other ways that. I have treated 
of, but this is a good demonſiration of them ways. 


Thoſe that defire farther inſirudtion in the Uſe of the Globes, may 
make uſe of Mr. Leybowrn's Introduftion to Aftronomy & Geography 3 
in which Book they may be fully ſatisfied in all the Problems 
thereof, And ſuch as defire, may be furniſhed with Globes ( of 
all ſorts ) Spheres, Maps, Sea-Plats and Charts for all Naviga- 
tions, at Mr. Robert Morden's Shop in Cornbill,at the figne of 4:las, 
near the Royal Exchange, London. | 


The End of the Tſe of the Globes, 
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CHAP. VIIL 
Propoſitions of Plain Sailing, performed by the Plain. 


Scale. 


Courſe and diſtance run, being given, to find the diflerence of 
Latitude and departure from the Meridian. 


Queſt. x. 


Admit T ſet from the Lizard, lying in the Latitude of 50 deg. ( North ) 
and ſail South Weſt by Weſt 78 deg. I demand what Latitude I am 
in, and my departure from my Meridian ? 


Ake notice, that the difference of Latitude is the Northing or South- 
ing that is made upon any given Courſe ; and that the 
Departure from the Meridian is the Eaſteng or Wefting that is made upon 


the 


30 Propeſitions of Plyin Sailing, 
the Came Courſe. Now to anſwer this 

A Queſtion, I firſt propoſe to my (elf 
- the Eaſt and Weſt, North and South + 
parts of my Book 3 and I always ac- 
count the upper part of my Book to 


be North fram me, and then conſe- 
quently South will be to me, and Weſt 


- 


B [yy Will be ta the left hand, Eft will be 
OE, © » tothe right; ſothatDA isa North 
LN : and South, and DB an Efand | 

R——. Vet Line, Theſe thi premi- 


& ſed,. Firft draw AD, and take off 

| 60 deg. from your Scale of Chords, 
and from A as a center, deſcribe the Arch CE, and take five: points 
-froms your Scale of Points 3 and ſet upon that Arch from the South at 
C. to E ( becauſe your Courſe is fave points ta the Weſtwards of the , 
South ) then from C by E draw the Ling BA (which raingeth South 
Weſt by Weſt ) and ſet off your diſtanceWn, which is given you, 78 
leagues from A ( it reacheth toB) there then muſt your Ship cer- 
tainly be, becauſe BA is a South Weſt by Weſt Line, and 78 leagues 

- from the place you ſet. Laſtly, let fall the Line A D Perpendicular to 
BD, and fo you have the Triangle ABD. Now *tis demanded what 
Meridian-diſtance you have made ? Why you ſee the Eaſt and Weſt ' 
Line DB is your Departuze er neareſt diftance-from the Meridian or 
Noxth and South Line you ſet from, and AD is.your difference of Lx- 
 #4vede” your have made to: the Southwards of the phce you fet from; | 
take them off, and ſet them on your Scale of Leagues, and fo. many 
leagues as each is, ſo much is your difference of Latitude and Depar- © 


ture. 
The Departure from the' Meridian B D is | 65 leapues, 
The difference of Latitade is AD | 435 leagues. 


Now to know what Latitude I am in, I conſider I am to the South- _ 
wards of the place I {Et from 4.35 leagues, and therefore in a leſs Lati- : 
tude than I was, becauſe the Lacitodk ber from is Northerly; therefore 
I convert my 43> leagues, the difference of Latitwde, into. degrees.and 
minutes, by multiplying my difference of Latitude by 3, ( becauſe they 
are leagues ) and it gives the minutes of diſtance (which is 2 29:nin.) 
that divided-by 60 ( becauſe 60 minutes makes a degree ) gives the + 
degrees in the quotient, and, the: minutes is. the. xemainder: ok the divi- 
hon, which is 2 dep. 9 Min. This (fublixa&ed from the Latitude I (ct 
from, leaves. the Latitude I am now. in, which is 47 deg. 5.1-nein- * 
F'lIl be brjcfer in the reſt, Courle . 
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Conrſe a» difference of Latitude given, to-find the diſtance 
run, aud departure from the Meridian, 


Que ſ. 2. 


Admit 1 ſa from a place that lieth in North Latitude 32 deg. 20 min. 
and ſail North Welt and by North, #ill T come into the Latitude of 
33 deg. 50 min. 1 danand my diſtance tun, and departure from my 
Meridian. | 


© anſwer this _ firſt draw a North and Sonth Line, and I 
draw it towards the right hand in my Book ( becauſe there 
may be rovm for the Courſe ) this done, towards the South end of it 
I propoſe the Port 1 ſet from to be ( as at B, and from B ( as a 
center I deſcribe an Arch of 60 degrees ( taken from my Scale of 
Chords ) and upon it ſet three points ( as hath been ſhewed in the. 
laſt Example) it being my Courſe North, three 
points to the Weſt, as C'S upon the Arch of «A 
60 degrees, and draw the Line BA at plea- 
ſure by S ; I fay then, the Ship is ſomewhere 
in that Line: I look upon the Queſtion and 
find that the Ship failed from the Latitude 
of 52 deg. 20 min. into the Latitude of 33 
deg. 50 min., 1 ſubſira& the lefſer Latitude 
from the greater, and f{o have my difference 
of Latitude which the Ship hath made : It's 
here 1 deg. 3o min. or 3o leagues. This dif- 
ference of Latitude ſet upon the North and B 
South Line from the Port I failed, which is B, | 
and it reacheth to G; ( the reaſon I ſet it to 
the Northward, is, becauſe I failed more Northerly than I was ) from 
C raiſe 'a Perpendicular or Welt Line ( becauſe the Ship fails to the 
Weſtward ) and where that cuts the range of the Ship, which is at A, 
there muſt the Ship be : ſo then AB is the diſtance r#uu, and A CG the 
departure required 3 take them off, and: apply them to your Scale of- 
Leagues, 
AC is the departure - 21 leagues. - 
BC is the diſtance run 36 leagues... 
The like is to.be underſtood of any other Queſtion of this nature. - 


244. CO 


Difference 
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Difference of Latitude and diſlance run gzven, to find. the 
Courſe and departure from the Meridian. 


Queſt. 2N 
Admit I ſet from a Head Land which lieth in South Latitude 40 deg, 
and ſail upon ſome point between the South and the Eaſt, 79 leagues, till 
T alter my Latitude 2 degrees or 40 leagues 3 I demand my Courſe 
made good, and departure from the Meridian, 


"Or the doing this, I firſt draw a North and South Line, and in it 
F propoſe the place the Ship ſets from. The North and South Line 
is AB; the-place the Ship ſets from let be A: fet your difference of 
Latitude, which is 40 leagues, from A, and it reacheth toB; from B 
raiſe a Perpendicular, and draw it at pleaſure, as BD 3 laſtly, take the 
diſtance run, and fixing one foot of your Compaſſes in A, croſs the Eaſt 


» 
o 
. 
p_ . p p | a hs * 
. 
— S— y oy = ——  ® 
- P—__ _— 
> "Ty ”*- 
. = 
i * Ms 
. . 
.* o 


and Weſt Line with the other, and where they interſe&, is the place 2 
where the Ship 1s, which here is at D; draw the fide AD to that *? 
point of their interſetionz and meaſure DB, and the number of * 
leagues is the departure from the Meridian that the Ship hath made,  * 
Then to know her Gourſe made good, take an Arch of 60 degrees : 
from your Scale, and making the place you ſet from the Center, de- . ' 
4cribe the Arch SO, as here ( from A the Center ); that done, _ 
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off S O, and apply it to your Line of Chords, and as many degrees as 
it gives, ſo many degrees hath the Ship failed to the Eaftwards of the 
South. If it were demanded what Latitude you are in, you muſt adde 
it to the Latitude you ſet from ( becauſe you are in a South Latitude, 
and have gone to the ſouthwards ): It's here 42 deg. 00 min. 

The departure from the Meridian BD, is 68 leagues. 

The Comrſe is South 59 deg. 35 min. Eaſterly, or South Eaſt by Eaſt 
3 deg. 20 min, Falterly. Fo : 


Difference of Latitude and departure from the Meridian given, 
to find the diſtance run and Courſe. 


Queſt. 4. 
Admit I ſet from a Head Land, and ſail pon ſome point between the North 


and the Weſt, till I alter my Latitude 1 deg, 30 min. or 30 leagues, 


and depart from my Meridian 39 leagnes; I demand my Courſe made 
good, and diftance run ? | 


| the anſwering this Queſtion, I draw my North and South Line 
( as before ) and upon it I ſuppoſe the Head Land-to be, as at A; 
then I take off the difference of Latitude from the Scale, and from A, 


ſet it oo the Northwards -( becauſe I fail to the Northwards ) and 
it-reacheth toB: from B then 1 raiſe a Perpendicular, and ſet off my 
Meridian diſtance upon it 39 | : 
leagues, which reacheth from B : 
to, and conclude the Ship , 
isat D, becauſe therein the Pa- TH — 'B 


rallel of Latitude is 39 ages | 


from the Meridian, according gy 
to the Queſtion. Draw the Fa 
tide D A, which is thediſtance , 
run, and take it off, and mea- 
luxe ( as before hath been 
fſhewed ) alſo, take off the 
Courſe, by deſcribing the Arch 
of 60 deg. BS, and taking it | 
off and applying it to your Line LE A. 
of Points ( as hath been ſhew- _ | | 

ed ) or to the Line of Chords, if you deſire it in dezrecs. 

F 


The 
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"The Courſe made good, is North 52 deg. Weſterly. 
' The diſtance run is D A, 49 leagues 5. 
The like is to be underſtood of any other Queltion of: this kind, but 
this (hall ſuffice, ; 


| CHAP. IX. 
How to work any Fravers by the Plain Scale. 
'F E come next to treat of any Traverſes,that is, when there be 


many Courſes and diſtances, how to ſet them, off, 'and- to. 
reduce the whole Work. to one Lriangle, and; from,it_ to 


be reſolved. 


_z 


The Firſt Travers. 


Admit T'ſet from a certain Port, and- ſail. South South Weſt 60 leagues ; 
from thence South Weſt by Sonth 40 leagues > from thence T—_— by 
IVeſt 17 leagues 3 from thence South 4.0 leagues. Now if the®ort I 
ſet from was in North Latitude 32 deg. 20 min. IT demand what La- 
titude I am in, my departure from my fir(t Meridian; as alſo my Courſe 
#pon a ſireight Line, and my diſtance from the place I ſet ? © 


EO the reſolving of this, Firſt, draw a North and South Line, as. 
A' AG, as ( from the place that you propoſe, to your {elf to ſet 
from ) take an Arch of '60 deg. 00 min. from your Scale, C and ma- 
| King that the Angular point ) deſcribe it, as OR, and: ſet off two. 
points 3 that done, draw the Line AB, and upon it ſet. off your di-, 
ance run from A, and it reacheth to B3 from B draw. another North. 
and South Line parallel to the firſt, as BS, and by an Arch of 60 de- 
9rces (et off your ſccond Courſe, and your diftance upon it, and it 
reacheth to D ; * from D {et off your next Courſe and diſtance, and it 
xeacheth from D to E 3 then from E, upon a. South Line, ſer off your. 

| | | |  hſt 


<—_—_—— 
F - - 
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la diſtance run ,. and it | JA 
xcacheth from E to F, Now : £ 
becauſe there is no more LR oO. 
-Gourſes and diſtances, I - j.--4 
conclude the Ship is at F'; ' ER 
' and therefore, if you draw £ 

a Line from F to the Port - 
you ſet fromat A, (as AF) * 
it's appatently the diſtance 
you-are from the Port you 
{et from3 ( after all theſe - 
Courſes and diftances ſai- 
led ) and by the firſt Arch E B 
of 60 degrees, you may . D _ EF 03 = 
"take off the Courſe made SB 7 | 
good ſince you fet out, TS 17 
which is B O; andiffrom ' * j«. : 
the ſathe place, at the end _.-* ER 
of your failing. yon let fall -* Z? Ws 
the Perpendicular F G, the ©, BE =" 
ſength of it is the whole  *.. #4 = | 
Meridian diſtance or depar=- =. | © | 
Tre from your firſt Meridi- . "..R SO R 2 00420000006 020 5A0 500d £u5 G& 
an; and A G'is your whole © 1 
difference of Latitude : which ſubſirated from the Latitude you failed 
trom, leaves the Latitude you are now in ( becauſe you are in North 
LHR; and have ailed to the Southwards, ) They are, as follow- 
em 3: 
The diftance run A F, is | 150 leagues. 
The Courſe made good B O, is South South We I deg. Weſterly. 
Le aeans of Latitude G A, is "NF 35 leagues. 
at lublixaCted from 32 dep. 20' after it is conver-F. 
| _ ted into miles, is 07M 25 deg, 26 
The departure from the firſt Meridian is F G 59 leagues Weſt. 
The like is to be underſtood of any other Travers of this nature. 
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Travers the Second. 


Difference of Latitude, and diſtance run, being given, to find 
the Courle and departure. | 


Admit I ſet from ſome Head Land, and ſail upsn ſyme point between the 
Sonth and the Weſt, 56 leagues, till T alter my Latitude 1 deg, 3o' ; 
from thence upon ſome point between the South and the Eaſt 37 leapmes, 
till 1 alter my Latitude 1 degree 3 from hence upon ſome point between 


the North and the Eaſt 30 leagues, till T alter myLatitude 10 leagnes 3 
IT demand, as before. | 


His Travers is wrought as any other Queſtion, where the difference 

of Latitude and diſtance run is given, onely from the concluſion - 
| of every Angle draw a North and South 
D Line parallel to the firſt, and do as 

' though it were another Queſtion of 
that nature , till you have ſer them all 
off, obſerving to ſet your Courſes in 
the right quartersof the Compaſs 3 and 
then draw the Line A D from the place 
the Ship is at, to the place you ſet from, 
and ſo you have AD for yaur whole 
diſtance run fince you came out: AB. 
for your whole Meridian diſtance; SR 
| is the Courfe made good. from the. 
place I ſet out : All which, are as followeth. | 


AD the diſtance is 53 leagues neareſt. 

AB the Meridian diſtance, | 11 leagues. . 

SR the Corſe made good, is North 16 leagues Eafterly. 
' BD the difference of Latitude, is | 38 leagues Weſt 2 deg..54's. 


Travers 
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Travers the Third. 


Courſe azd difference of Latitude giver, to find the diſtance 
run, and departure. 


Admit a Ship ſets from a certain Port, and ſails South Eaſt by South, till 
he alters his Latitude 1 deg. 3o' 3 from thence South Eaft, till ſhe alters 
her Latitnde 1 deg, 3o' 3 then North Weſt by North, till ſhe alters her 
Latitude 15 leagues, and then obſerves, and 4 in the Latitude of 40 

deg, 00! North >, I demand the Latitude of the place (he ſet from, and 
ber departure from her firſt Meridian, 


His Travers is wrought as any other Queſtion, where the Courſe 
and difference of Latitude is given, onely from the end of every 

Courſe and difference of Latitude laid down, draw a North and South 
Line paralle] to the firſt, and do as 
though it were another Queſtion of © XN ; 
that kind, till you come to the end of :\ ge 490" Þ 
the Travers, and then let fall the Pere . 
pendicular AD, and draw the Line 
D O, and reſolve the whole Travers, 
as before in the laſt Travers : onely ob-. * A, 
ſerve in this, and all other Traverſes, : : 
that you ſet your Angles in the right - a {_..\J turret 
quarter of the Compaſs; as here the. Et 
third Courſe is North Weſt by North, I} _ RN 
and therefore I ſet it off from the North WM b. 
and Soath Line F N towards R, which , 
is from the North to the Weſtwards 3 points, always making (as I 


fhewed before) that part of your Book that is right from you,the North 
part and ſo theſe Courſes in the Travers hk 


B — 
TIT. pnpan = an 


nt the Lines that they 
be drawn for. The Anſwer of this Travers is as followeth. 
IN TY ” upon a ſireight Line, is D O 175 miles. 
e Courſe made pood is L S. the | SE 7 
ri F - _ , the meaſure of men 0.43 deg. Weſterly 
The departure from the firſt Meridian is D A 120 miles, | 
The difference of Latitude from the place I ſet, is AO 135 miles. 
And by conſequence: the Latitude It from is 42 deg. 15' 


becauſe I am ſo much more Southerly than that Latitude that I ſet from, 


by-the difference of Latitude, And thus is any Travers of this nature 
relolved, | 4 Travers 


J 
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Travers the Fourth, Of South Latitude. 


Admit I ſet from South Latitude 50 deg. 00', and ſail South by Weſt 42 
leagues, from thence South Weſt 40 leagues, from thence South South 
Eaſt 28 leagues > I demand what Latitude I ans in. and my Courſe 
ſailed, my diftance from the place T ſet, and Meridian diſtance. 


His Travers is projected and reſolved as the firſt Travers was, and 
F therefore it is but ſuperfluous to ſay any thing of it 3 but'in the 
concluſion I find I have differed my Latitude 94 leagues :, and tt is 
demanded of me what LatitudeI am in. Now becauſe I am in a Sow- . 
thern Latitude, and my difference of Latitude is Southerly, therefore my 
Latitude is increaſed ſo much as my difference of Latitude is 3 fo that. 
I muſt adde that to the Latitude I departed from, and it makes the La- 
titude I am now in 54 deg. 44's OP 

And the reaſon is plain : For if you are in a Northern Latitude, 
ard fail to the Northwards, your Latitude increaſeth 3 fo likewiſe, if 
you be in a Southern Latitude, and fail Southerly, your Latitude muſt | 
Increaſe, for the {ame reaſon. 


4 Thus much' for Traverfes protraed; which T look upon to be ve- 
ry tedious at Sea to do it this way 3 for ſometimes by contrary Winds | 
. a Ship. may make five or fix Courles in twenty four hours, and to pro- _ 

trad them thus, would be yery tedious : and therefore my Father _ 
madea Table of Courſe and Diſtance, that gives the difference of Lati- - 
eudc and departure very readily 3 and becauſe it is (by ſome body). al- 
moſt {poiled, for it is printed with Complements below and above, and : 
Latitude (et in one Colume, and Departure in the'other, which makes | 
nonſence of that Table, which ( as it was meant and printed from the . 
Original Copy ) was the plaineſt and- caſfielt of Tables 3 and that Fl! 
make appear by ſeveral Examples. The Table ( according to my Fa- - 
thers delire ) 1s inſerted in this Book,; as he firſt did them; But to + 
proceed to the Ule of the Tables, ' © + | Foy 
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CHAP. X. 


The Uſe of the following large Table of Longitude 
and Departure, in workzng of Fraverles. 


Example the Firſt. 
Admit T bad a Travers as this # that followah. 


| South: Eaſt . ; 
i. South by Eaſt 10 miles 9. 8 I. 9 or It deg. 
2. Then South Faſt by South 20 miles 16, 6: Ll, 2 or 3 4degs. 
3. Then South South Laft 24. miles 22.2: 09.0 
4 


. Then South Eafs 15, miles © 0 -0---.40s# 


nn ——_——— 


South 59,2 Eaſt 32. 7 


Or the working this Travers, 1.look in the Tables for the firft-Courſe, . 
F and becauſe. it is one point trom the: South, I take the Southing: 
under. 1-1 deg, og” ( which. is the neareſi,to one. point.) and! againk: 
the diftance run. upon that. point, which is. 10 miles, I; find 9.miles. 
9 tenths of a mile ; and in my next Colume, Ihnd 1 mile. 9. tenths for 
my Eafting,. ( which is under 79 deg. my Courſe from the Ealt ), fet it 
down as in the Example:-before 3 then 1look for my.next Courſe; and 
it's South Eaſt by South ( which is three points from the South to the 
Eaſtward, or neareR 34 deg. _) under 34. deg. and againſt 20 miles (thes' 
difiancerun) I-ftind 16 miles. 6 tenths for my. Southing,. and: 11-miles: 
2 tenths. for my Faſting: And in like manner do by the'reftt, Now 
having taken themaill, I adde up my Southing, and it makes 59 miles 
2 tenths3 and my Eafting added up, makes 32 miles. 7 tenths. 

It you would know:-your Courſe made good, and diftance run upon. 
that Courſe, then look for your Eaſting and- Southing, in the Tables, 
where they will anſwer in one line, and againſt that in the ſame line is 
the difance, run, and.over: your. Southing is the' Courſe made good 
trom the Meridian of South Eaftexly, In this: Caſe, the diftance cun 
is 70 miles, my Courſe South 33 deg. Eaſterly. 


Enample. 
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Example the Second. 
Admit this 24 hours I have ſailed as followeth. 


| South.  Eafts North Weſt. 
Sonth South Eaſt 15 miles 13- 9.. 7:05, 6 O00, © OO. 0 
South South Weſt 18 miles 16. 7 OO, © OO. 0 06, 7 
South Weſt by South 20 miles 16. 6 oo, © o©0,0 11, 2 
Eaft by North 18 miles 00.0 170 7-01. 4:--06c'8 


> 


47.2 23.3 03.4 17.9 
3-4 17-9 


Somth 43. $ Faſt 05. 4 


"Or the working of this Travers, take the Courſes and diſtances out 
F of the Tables ( as before ) and againſt them is the difference of 
Latitude and Departure, as was ſhewed, and as here appears 3 bur ob- 
ſerve to put your Northing and Southing, Eaſting and Weſting, di- 
ſtin&, as you ſee it done here: and when you have done. Adde them 
up ſeverally 3 and then {ubſira& the lefler number, whether of your 
Southing or Northing, from the greater, and the remainder is the dif- 
ference of Latitude, either South or North; as: in this caſe the greatell 
was Southerly, now the Northing being ſubfiracted, the remainder is 
| 43 miles 8 tenths Southing 3 in that reckoning; alſo,the greateſt Meri- 
dian diſtance was Eaft, I have taken the Welſting from it, and the re. 
mainder is 5 miles 4 tenths clear Eafting : And thus you may find your 
Eaſting and Weſting, Northing and Southing, in any Travers or fingle 
Courſe, which is ſufficient for any man to keep a reckoning at Sca by, 
&. indeed the only way that 1 know,unlefs there were ſome way to find 
the Longitude, by obſervation, as well as the Latitude 3 ( which thing 
I purpoſe to ſhew as ſoon as I can come to it. ) Now I would wiſh 
every man to keep his reackoning by Latitude and Longitude, for (o 
he is ready at all times to give his account either to himſelf, or any bo- 


dy elfe, as Fl prove by the Examples of Reckonings following after 
the Table, which I thought good here to inſert, 


Note, that this Table gocth but to 100 miles diſtance run, but if your 
diftance be more, take it at twice, thas : 

Admit the Courſe were North 31 deg. Eaſterly 142 miles, I ſet it 

thus, and adde them together, | 


North 
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North Eaſterly 31 deg. 100: 85. 9 : Gl. 5 
North Eaſterly 31 dep. 042 36.0 21, 6 


North 21. 7 Eaſt 73. 1 


Mr. Colſcme hath taken the liberty to tranſcribe the following Table, 
and placed it in his new Kalendar, but with ſome Alteration and need- 
leſs Addition, and then is pleaſed to call it, A Table larger and betty 
contrived than any of this nature yet extant, Now for the inlarging 
of it, he hath calculated 2 Golume for every quarter of a Point of the 
Compaſs, which is a very uſcleſs thing 3 no point or quarter falling 
above 3o minutes of a degree of the Compaſs ( which is not one two 
and twentieth part Of a point of the Compaſs ) from what's done by 
my Farther many years'fince and for 24 points of the Compaſs but 
I'5 minutes of a degree (which is neither of them to be minded : ) 
But I think'he.never ufed the Sea, and ſo may btlicve that a maan can 
fail to a hairs breadth at leaſt.” But I would fain know if the quarters 
of points muli be done fo exadly, why every degree of the Compals 
ſhould not as well be divided into ſuch nicities ? Now for this and his 
writing Latitudein one Colume, and Departure in another, againſt the 
Diſtance, ( very contrary to my Fathers meaning, and moſt mens un- 
derſtanding ) avd Compliments below and above, ( which is very 
odde ) he intimates himſelf to be the Author of the whole Table; 
which is implied in theſe words of his: ( page 132 of his Book ) This 
is a Table larger and better contrived than any of this nature yet extant. I - 
wonder at his Confidence, to venture to print ſuch a Table for his 
own, which was publiſhed by my Father many years before he was 
born,and is onely ſpoiled by Mr. Colſome in his aſſumed Book 3 and by 
{omebody of late, who hath printed it after the ſame nonſencical man- 
ner ( the quarters of points excepted ) in my Fathers Sea-mens Prg- 
CHices | | | 

The Tables here following are as they were firſt deſigned to be prin- 
ted by the Author 3 the quarters and halt points were done by Mr. Phi- 
tips; and fince that, by Mr. Fohn Sellers : fo that they are no way m- 
larged by any invention of Mr. Colſome, though he is pleaſed to ſay 0. 
But I wonder at it, ſince I ſaw his Arrogant Epiſtle to poor Captain 
Sturmy's Magazeen 3 but extreamly at the Stationers, for ſuficring that 
Epiſtle to be printed, notwithſtanding he received a conſiderable fum 
for his pains to corre and purge that Book of the impertinencies 
and abſurdities ( committed - by the Author , and omitted.-by Mr. 


H.P, in the firſt impreſſion. ) 1 ſhould be thankful, if any man was 
| G ew 
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| ſbew me what real improvements Mr. C. or any man el{e hath made 
to the latter Edition, more than an Arrogant Epiſtle full of ungrateful 
Reflections on the Author 3 and after eighteen months conſideration or 
reviewing the Copy, which-ſome are apt to believe might beendone in 
leſs than eighteen days, to much better purpoſe 3 though he intimates 
that he had added the DoGtrine of Spherical Triangles, ( if his own ) 
it's inviſible to all men but himſelf : -for all the twenty eight Caſes, 1 
find them taken out of Mr. Gilibrand's Trigonometry, wherein he gives 
us but two Examples, What's added in Aſtronomy, Tas yet know not 3. 
for having none of. the Books by me of that Edition, I cannot examine 
nor compare it-with the laſt : yet for the Dyalling the little that ap- 
pears of it, ſcerasto. be Mi. Foſter's, publiſhed many years before. The 
firſt Book of Geometry, and that little he hath added of Surveying in 
the fifth Book, is wholly taken out of Mr. Leybourn's Compleat Surveyor. 
The Gunnery and Fire-works, from Mr, Bebington and Mr. Nye's Books 
en that ſabje&. And I doubt not, had 1I.time to trace our CorreQor 
throughout, he might. have ſpared his Refletion on Mr. Starmy, and 
beſtowed them upon his Pay-maliers. How mean, and unlike an Artiſt, 
| ſach praGtices arc, the Author being then dead, I leave to any man of 
ſenceto judge. What he hath laid concerning the managing of a Ship 
inall Weathers, is Captain So/tenſta!'s, printed above forty years ſince, 

in his Navigator. - | , , | | WS | 
Before Ecome to: the large Tables that are calculated to every degree 
'of the Compals, I have thought. good here to inſert a ſmall Travers- 
Table, with its fe, whichis very exact and ſpeedy and I call it, 4 
Zable of Northing and Southing, ( never in print before, as I know of, ) 

But further Ufcs of the large Tables, ſhall follow after them. 


— A _—” 
ls, ponies _— a _ = 4 li. 
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CHAP. XI. 

A Table of Northing and Southing, Faſting and We- 

_ Ring, 79 ever Point, half Point, and quarter Point 
of the Compaſs : With its Vſe. 


Ris Table is very calie, and performs the work of the larger to one 


quarter of a-Point of the Compaſs. - The manner to work by, it 


The 
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. The Table of Northing ard Southing, ec. 1 
| F LHR TS b- £3;5F: | 1 
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Whatſoever your diſtance run is ( whether you take it in miles or 
leagues) multiply it by the numbers which ſtand againſt the Point of 
the Compaſs you (ail upon in the Tables, cafting away as many hgures 
of the product to the right hand, as you took out of the Table, name- - 
Iy three, and the remainderts (one) the difference of Latitude 3 the 0- 
ther is the Meridjan diſtance 3 and the figures cut off a thouſand parts 
of a mile or league in each. But to know which is difference of Lati- 
zde and which departure, conſider whether your Courle be nearer the 
Meridian of - North and South, or the Parallel of Eaſt and Weſt 3 it 
nearer to the Narth or South, your difference of Latitude is the greateſt 
number; but if neareſt to the Eaſt or Weſt, your Meridian diſtance is 
the:greatefi, (and this your own reaſon muſt give you.) Queſ. 
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dmit 1 ſa from a Head Land, and ſail South Weſt by Weft 70 miler, 
I demand-my differense of Latitude, and departure from. my Meri- 


[ . 


| dian. 


. 
o 


| -Lobk for-5 points, or three, in the Table, and find againſt it in the 
'L twp middle Colames  83t and 556 Þ I multiply theſe two 
humbars by 70, _ ____ _. 70; +70. - TEE 
The: Difance-: run, Þ: 4 ITED 

! and, they.produce 2 58, 170138, 920 | | 
: TI cdnclude then that my departure from the Meridian is 58 3% 


miles 3; that is, 58 miles, and 17 hundred parts of a mile. And my 
difference of Latitnde is 3% 43353 miles, or jþ miles, and 92 hundred 
parts of a mile, which is ai 39 miles. And the reaſon why my de- 
parturg is the greateſt, is, becauſe my: Courſe is more Weſterly than Sow- 


therly.' The like is to be underſtood of any other. 


o 
; 


EEE - Queſt. >. 2 
Admit I ſail North, three fore of a point Eafterly $1 mile ;, 1 demand 
'- my difference of Latitude and departure from the Meridian. s 


SY 


| A Gainſt three quarters of one Point of- the Compaſs, I look and 


hnd theſe numbers 140' | and” 989 =o 
. 81 | $7 i 
140 RRC DIGI he We 989 KL BAS 4.h 
E120. f 7912 
1,340 $0;10g 


Tconfider here, my Courſe is nearex to the North than to the Eaſt 
mheretore my difference of Latitude is $0 ;222 or ;*miles 3 that is; $© 
miles, and one tenth part -of a mile; [And'\my Meri:an diſtance-is 
>I 53% Or x3 milesz or 11 miles, and 34 hundrediparts of ' a mile.  * 

And let this ſuffice for the Uſe of this little table. But before I come 
to: few the Uſes of the following large Tables, I will: firft '(hew you: 
how. the ſame Tables are made 3 which take briefly as followeth, 


iy airs ? HIER i P 
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CHAP. XIE. | 
The ConftruSion of the Table of difference of Lati- 


tude and Departure. 

& from the Meridian, and fail thereon 85 miles; I would know 
then how much | have altered my Latitude, and how much I 

have departed from the Meridien I ſet from. 


Uppoſe that I ſet fail from a Port upon a Gourſe 58 degrees 


The Proportiort is, 


I. For the Departure. 


As the Radins, or Sine of 90 degrees . ro, 00000: 
Is to the Logarithm of the diſtance run, 35 miles =_ 92942 
So is: the Sine of the Courſe from the Meridian 58 deg. 9. 92842 
To the Logarithm of 72. r miles the departure 1. 85784. 
2, For the differences of Latitude, 
As the Radins, 90 degrees | To, ©0000-- 
Is to the Logarithm of the diſtance run 85 miles I, 92 942 


$0 is the Sine Complement of the Courſe from the Meri- ( 9. 72421 
dian 32 degres | | ch 


To the Logarithm of 45 miles, the difference of Latitude x1. 65363. 


And if you look into the following Table, under 58 degrees, and. 
2gainſt 35. miles, you ſhall find this number 45. © miles for the difference 
of Latitude. 

And (in the ſame page and line) under 32 degrees, and againſt 30, 
.yoa ſhall find this number 72. 2 miles for your departure. = 

And in this manner may you find any other numbers in the Table 


following. = 
| Ang 


46 Propoſitions of Sailing, 
'. And becauſe the Titles at the head of the Table are by degrees from 
'1 to 45, and returned back again by their Complements to godeg, 
I have here inſerted this Table ; whereby, (if your Courſe be given you 
in Points, or Points and quarters of Points of the Compaſs) you may rea- 
dily know what degree in the head of the Table you muſi take inſtead. 
thereof. | Fax” Ee Pet 


Example. 


Suppoſe your Courſe given were'S by E « quarter of a Point Edfferly ; 

' Look in this little Table for this Point, 'and quarter , and agatnt it 
you (hall find 14 deg. 4 min. {othat inftead of Sby E a quarter of a 
Point Eaſterly, you mult make uſe of 14. deg. in the Table, which is 

_ the neareſt number of degrees thereunto ; Allo inſtead of N E by E 

half a Point Eaſterly, you muſt take 62 degrees, it being the neareſt in | 
the Table to 61 deg. 52 min. which ſtands againſt NE by E halfa 
Point Eaſt, &c ; 


y 


performed by the Tables. 47 


een II 


: | A Table ſhewing the number of Degrees and Minntes, that each 
| Point and quarter of a Point of the Compaſs makes with the 
Meridian. | | 


x North. By South. Ideg. min, DoUth, North, SER 
p-” _ 2 "8  I>| 
$1 i :.| 
= | S .--:.. 26 - [3 
| x| NbyE | SbyE i 15] Sbyw [NbyW þÞ | 


, - I 4 4 

EY 0: io 1G. + 53 | 
; ] 8 - J Ig” 41 — | 
4'NNE .. SSE [2% - go] SS$SW 4 NNW : 


Shewing the Difference of 


Latitude + Departure 


FROM THE 


| MERIDIAN 


gy Far IE TAR Ins 


— 
[> 45 
L g ol coli 
1 degr. b 9 O : degr ' 4 | = 
A Bros | Q\ —s and | 
* Pens 7 and E g-m1moob ba: Departure. | 
| Departure, oF ry 3 5 TILT ik 
td hn ; 45 7 Ta 70 0þ 1.24 
2,0 O 27 37.0 7 71] 71.o[ 1.3 
Z.o| O 38138.0\ 7| 72] 72.0 3] 
F a 39 39. © 7 73 73+ 0; "2 
24 4C 40. 0| 7| 147+ ©] 1+3 
54 oo 41] 4I.Oj 7 751 75-Of 13 
$1 2 43143-O| 8 77), 77-0} 1-43 
Sol [44144-0| $ _78|_ 78.0] 1 
— 45145.0| $ 79] 79-0] 1 
qe} BG 6146.0! $ 8o| 80.0] 1 
I2,0 2 4 4 g rl Br ol tr 
5990 : 6 : He 9 82] 82.0! 
1 4. © 21 49 49.0 9. S3 83.0 
16,0 3 51 51.0| g 85 $5.0 
rar 4 52 52.0[ 9| 86] 86,0 
18, © 3 5 53.0f 9 87 87.0 
NS ; ; O-1-1,, 0 oY: 88.0 . 
20,0] 4 34 34-© | Te © — 
21.0] 4 $5155-0|1.0| | bg] 89,0] 1 
6; 8.1 | v0] 90,0] I 
| 591 56.0|1.0 hs bf 
22.0] 4| + | mh oy ol -ol.o1 i 
oj 5 58158.0[1.0| 92] $2.0] 1 
94h | 591 59, 0|1.0 93] 93-O[ 1 
wy : 50] 60,0|1,1 94] 9+© by:4] 
* 1 61]61,0|1,1 95] 95-0 1.7 
pq 4 doll 96] £6,C|} 1,7 
2 's 21 63 63,O0[1,1| 91] 97-© "+4 
= . 64] 64.0[ 1. 1 | 9d} 98.0] 1.7 
30.0 = ps | era | 99. C 17 | 
65| 65, 0f1. 2 99| 9 
he 21 661 66,011, 2 IOCONIOO,C} I. 
"0 6| 07] 67,0] 1.2 £0209, ©1345}. 
34.0 ja 6 =D __168].68, 0]1,2| of 13 0© 30O. © "55.3t; 


@ =” 4 Table for difference of Laude 
— HEGEIWs =T 
12 degr. B88 | ] Slz degy.| 98 | | &2 gr 89 de. 
| ' | deere} 5 degy. | 5 
Q Latitude and| 2 [Latitude and} þ Latitude and 
b Departure, * | Departure. | Jo Departure. 
| 1 I-O|c ol! 3933-2 l.2| 69] 69.0 2.4 
z 2, J DI KF 3 139-0 I.3 | 70} JO-©| 2.4 
I: 3] 3$O| IÞ| 37] 37-© * 71] 71.0] 2.5 
[+ BY BY $1 34 38.0113) 72] 72,0] 2.5| 
"54 J-0j 2. 39 39-P| 1-4 73] 73+0] 2+54, 
If 5]. $,oj- 2} 49409113 74| 74.0] 2.6 
Pl fol bf . [efarolrs| | 7575020 
ihe «04-3 42] 42. 0. I-5| 76] 76.0] 2.6] 
91. 9.0] 3 43143-O]1-5| 77] 77-0] 2.7 
toln0.0|- 3 +4] 44: 041-5. _78| 78.0] 2.7] 
11] 11.0| ah, 45 4501.61 79] 79:0 | 2.5] 
| 2 tbE 46 46.0|1.6' 80| 80,0| 2.5] 
i: ; 11 47.0[1.6' 61] 80.9| 2.5] 
: _ 148148.0|1.7] 82] 81,9] 2.5 
5 49] 49-011.7 831 82.9] 2.9] 
6| 5 50.0{1,7; 84| 83.9| 2.5| 
> SE -| 51]$I.O{1,S; . 351 34.9 3+ Of. 
| Os 6:| | 521 5$2.0]1,8| þ $6 8549 | 3. © 
7]. 531 53-0 [1.8 87] 86,9 þ 3. o 
7 | 54. 2+ 0119 88] 87.9 | 3-1], 
7. 55155-©[ 1.9 89] :"$Ya @ $131 
8: 56156.0|1.9þ. 90} 89.9 | 3.1] 
's| 57157 0 |2-0]  [oif g0.gf] 3.2. 
oj 55] 59, © [2.0 ; 92] 91.5 | Jo 2 
go | © h39[59.0]2.0| 93] 92g | 3-2] 
of 501 00.0Þ 2, | 94] 9349 | 3-3] 
[7 61]01,0|2, 1 95 94.9 | 3+3 
1-0] 62]02,0|2,2 L 96] 95.9] 3-4 
. 0 þts ab | 093] $3.0f2.2] 97] $6.9] 3+4| 
DE NE ECO SEETE 
Li tf [55] 65.0Þ2. 3]  99Þ 98,9| 3:5 
bl i 99] 606,0]2. 3 IOC} 99i9 | 3.5 
b1J- | 07 67.012. 3 20C[1994 8 | 7.C 
ba 1:.' $01 68, @h2+. 4 | 130Q129947 10.5] 
EI _—_ —————— $ » Þ pI ; 


| and Meridian-diftance. "74 
4-4-1423 FIBEE 2: L __ 
Sh te 87 | E] degr.| 87 | S13 degre87 del 
FE BSEZ27 | 15 | deer, g fi} POET oe 
| > TLaticudeand] | 5 |Latitude and b Latitude anc 
Ki Departure. © | Departure. | | - Departure. 
1] 1.0] 39135-0|1.8\} bo 68.9} 3.6] 
| 2| 2.0] 1 139} 36.0[1.9, 74 69.9] 3-7 
1 a}-3:04 1 | 37137.0|[1.9 | 41 79-9] 3-71 
| 4 4. ©. 4 | 38 33.0[2.0) 2, 74-9 3-8 
5.5.04. $: 391 39-0|2.0, 31 74-9 3-'S\} 
|| 6.0] 3} os De IR 4] 73-9] 3-9; 
7| 7.0] 4 @ [+1] 41.0|2.1, 15] 74-9] 349: 
8| 8.of 4 421 42.0|2.2 7%) 75-9] 4% 
of 9.0 5 43] 43-0 | 2-2 771 74-9] 4-0, 
ro] 10.0] 5]. 44| 44.0 | 2.3 721 77-91 4:21 
11] 11.0]. 6 +5] 459-©|2+-3 Wis 79.9 4-1; 
12]12.0] 6 46] 46.0|[2.4 BO| 79.9] 4.2 
131 13.0] 7 471 47.0 | 2.4 81] 80.9 4+ 2 
14] 14. 0 7} 4.8 48.0 2.5 82 81.9 4+ 3, 
is|15.0| 8 491 49.0|2.6 93] 82.9] 4-3; 
161:16,0 $1 5$O} JO0.0 2.6 84 $3.9] 4-4; 
17117.0| gf 51050.9 |2.7 85] $4.9] 4.4 
1$]18. 0 9 | 1321531-9|2-7 86] 85.9Þ 445 
io|19.0| 1.0] 53152.9|2.9 37] 86.9] 4.5 
20|20.0| 1.9 54153-9|2-9_ _ 88] 87.9 | 4.6: 
21121.0|1.1 551 54-94 2-9 Sp] 88.9 "4-6: 
22122.0|1.1 56155.9] 2.9 oof 89.9] 4-7: 
23123.01.4 57159-9| 3-0 91] 90.9 1% 
24/24.0/1.2| 58157.9| 3.0 | 92| 91.9] 448 
25]25.0|1. 159} 58.9] 3-1 93] 92-9] 4-9 
26]26.0|1. 3 601 59.9 3.1 99þ 93-9 | 449 
127]2a 0/1. 151] 60. 9/] 3.2 | 95] 94-9Þþ a 
28] 28.0 |T. | 62]61.9i] 3.2. 9 949 Q 
29] 29.0 wo | | 63 62.9 2.3 | 96.9.|. 5} 1:4 
520.0 | 641 63.9h3-3_ 9 97-9|5 I.| 
311 31.011.6| | 65 — 3.4 99] 9Þ.9| 542 
32] 32.0]1.7]... 66165.9] 3.5. oof .99.9| vb 
33]-33-0f1- | 671 66.91 3.5 aoei9hu7 Of, 5 
34134. 011. 4- 6 of 67. 3.6 3 299.6 115]. 7 
H 2 | MN 


| 00 088 0 nia Þ w ww 


18 A Table for difference of Latitude 
| | | BD 
| Sl4 degr Fs {- I degr. Fa [4 degre|86 del 
fo epr.| {46 II | 
T3 = dl © I Latitude and bs Latitude and 
|” | Departure. © | Departure. | _* | Departare, | 
[111-0] 2}, 35] 34-9 2.5f 69] 65.5| 4.8 
| 2| 2-of | 391 35-9|2-5 7 69.8] 4.9 
1 3] 3-of 2| 37]36-9|.2.6 | 71] 70.8] 4.9 
{ 4] 4-0] 3ÞF 35 37-912.7 | 72] 74.8] 5.0] 
| 5| 5.0] 3 39] 38-9] 2-7 73] 72.8| 5.1 
6] 6,0 4 | 40 39-9|2.8 74] 73-8] 5.2 
-7--7.04-3] 41][40-9j2.9]Þ @& | 75} 748] 5.2 
| 8] 8.0] 6 42141.9|2.9 76] 75.8] 5.3] 
| of 9.oþ 6 43142.9|3.0 776 76.8] 5.4 
jro[10.0] 7 44] 43-9 | 3-1 _7df 77+-S| 5.5 
rx[11.0f 8 45] 44-9|3.1 7s] 78.8] 5.5 
12[12.0] 8 [4] 45-9 | 3.2 | SO] 79.8] 5.6 
1313-0] 9 1199-913-3 v1] 80.3} 5.7 
14.0]1.0 4.8 47-913.4 82] $1.8.| $7 
15.0|1.0| 45|48.9|3.4 83] 82.8] 5.8 
16.0|1.1 | 501 49.9|3.5 Sal 83.8] 5.9 
17.0|T. 2 51150.9 3.6 85] 84.8.|. 5; 9.| 
18.O[I.3 \ J}51.9 3.6 86 865.8 . 6,0 
19.0|1.3 53152-9137 871. 86.8]. 6! 1 
20.0|1.4| 5453-913.8 881 87.8] 6.1] 
20.9 1.51 551 54-91 3.5 89] 88.8] 6,3 
21.0h1.$1- 39155-943-9 | gol 89.8] 6.3} 
22.911.61 57159-9|4.© 91] 60.5] 6.4} 
TEMES S 3% © Bp 30157-9140, 92] 91.8] 6, 
24.9j1.70 35þ.58.9]4.1 | 93] 92-8] 6, 
25-9 1, 8 Sc} 59-5 4.2 | | 94] 93-8 | 6, 
26.9f1.9|h 21160.914-3 | 95] 94-SÞ 6, 
27.912-O| P2 61.9}4.3 1 96k 95-8| 6. 
[28.9}2.0] [6352-914 4 | 97k 96-8] 6.8| 
$29.9 12-1] ' 041 63-9 4:5 98Þþ 97.8] 6.8] 
39.9 [2.2] 65] 5484.5 ob 98: 3\ 5:5) 
31.912.2| 561 65.8] 4.6 [och 99. o| 7.0} 
32.9 2.3 => 67] 66.5 4-7 2OCTIG9.. 5 14,0. 
34933-912:g} jj 1981678448 | BooÞgs. 3lzo,g| 


ts a 


© REES 61h Rs "NE 
< and Meridian-diftance. 62 
S—_—_ | - | 
Sl5 degre| 85 15 argr.| 85 S1) Jegrl8s dre 
= degr.| IB8f_ Veer. Mb -g 
1z fatitudeand p Latzcude at:d ; = Latitude and 
po Departure. | HE Departure, We [)cpartvre. 
"3 Oh 1 351 34-9] 3-0 0g] 68.7] 6,0 
2] 2.0] 2] 3435-9] 3-1} 7 69.7] 6.1 
3] 3-of 3] 371 36-9 | 3-2 71 70.7] 6.2 
4] 40] 3] 38] 37-9] 3-3 721 71.7| 6.3 
SB 5,0 4 39 38. 8 3-4 | #3 7247 6.4] 
6 6.0] 5 40] 39.8] 3-5] 74] 73-7] 6:5] 
"| 7.0| 6 41140, 58] 3.6| 75] 74-7] 6.5 
$| 8.0] 7] 42} 41, © 3.7 76] 75.7] 6.6] 
| 9.0] OS] 43] 42.0] 3-7 771 7657] 647] 
Icj10.0] 9 44443. 8] 3-5 7] 77-71 6:6 
11[11,0þ1.0 145] 44-5]3.9 79] 78.7] 6.9] 
12]12.0| 1.0 $6145-3|4.0| Sc} 79.7] 7.0þ 
13113. 01.1 47146. 814.1} S1] 80.7] 7.1þ 
14114.0|1.2| 45147. 8] 4.2 82] 81,7] 7.1 
15 I5,011,3 40 48.8 4+ 3 83 82.7 7.2 
16|15.9|1.4 501 49.8 | 4.4 84) 83.7] 7.3 
17116,9|1.5 JI} $0.8 | 445 85] 84.7] 7.4 
1$|17.9|.1.6 $2151, 814.5 86] 85.7 | 7.5 
[9118.9 |1.7 $3152.81] 4.6 87] 86.7| 7.6| 
20119.9|1.7' 54153-8147 _85| 87.7].7-7| 
21]20.9 1.8 551 54. 8 4.3|. 89) 88.7| 7.8]: 
22]21.9|l.9 56 55.8 45-9. | 9C 89.7 7.0 k 
23]22.9]2.0 57156, $|5.0 91} 90.7] 7.9þ| 
24|23.9 2.1 S0157.815.1 92| 91.6| 8.0]. 
25124.9|2.2| 59|58.8|5.2 93] 92,6\ 8.1 
26125.9|2.3] GOf59,8| 5.2 94\-93.6| 5,2] 
27126, 912.4 61160, 8|5.3 95] 94,6] $.3 
28[27.9 | 2.4 162|61,8 Je 4 961 95,6] 8.4}: 
29128,9|2.5 631-62,8|5.5 97] 96,6| 8.4 
30j29.9|2.6 64' 65,815.06 98] 97.6] 8.5| 
31]30.9[2.7| w. 64.8|5.7 o9|- 98,6-1-8.6| 
32]31.9|2.8| 66\65.8|5.8 [oo] 99. 6| 8,7 
33]32-9]2-9| 67166,8|5.8]| 2001199. 2 [17.4] 
34133-913-o| 6b[67.8]5.9f __ lzcog8.9126.2] 
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nA [= 6 degr.| S16 depr. 84. da, 
1-4 JR z SE 
q Atiude anc anc: | 4 pur - | fla 
Bj Departure, | Ls [Departure, | z De ano 
] I. © + 69 
] | 35] 34-513. 6 68.6] 7, 
?] wY 2] {39} 35-8 3.8]. 69, 6 4 
uf rot 24; 3713% $13.9! 70.6] 7. 
1-4] 4 4 381 37. S | 4. O- 71.64 7, 
| 5 Hi 5 354 38481411 72.6] 7.6 
i Jos 4 [439-3 4.2 | 74 73-6] 7. 
Ea 2 74. +} 40, 514.3 75] 74-0] 
s Ie 4 42] 44.8 [4.4 # 75.6 ; 
5 S9Þ 99. 43142. 8]4.5 76.6] 8. 
Icþ_9.9|1.0. [44] 43: 84.6] |#8|_77-6] 8 
f IO. 9 F £4 j —# 00 ROO Camas: a> | : 7s fo Us 
ado +5144-7 [4.7] 79| 78.6] 8.2 
ſileg9]1. +0[ 45+7 [4.8] 19. 6 
+12 I i. 1 
«Ai $0 47 46, 7 4» 9 ; BO, 6 | 8. 
15-9 $7 45} 47.7 [5.0 SI.5| 8, 
Wome pres: [+51 48.7 [5.1 32.5] 8. 
of [75-9 7 [50] 49. 715. 2 83.5} 8. 
PAS #1146 511 50.7 [5.3 34.5] 8. 
18.9 [2:5 1215247 [5.4 85.5] 9. 
po I [123] 52e7 [5.5 86.5] 9.1 
2 [l 24.53: 7 15.6 37:5] 9:2 
IG 22s 2, 1551 54+ 7 [5.7 "Es 88.5]'s. 
79 23; 1561 5547 15.8]. 89.5 
LE Hb 171597 15.9 90.5 
3*9 [2.5 1581 57.7 [6.1 I 
24.9 |2,6: | 58 (oo. 

Je 9 [2.71 SC| 56 "IS : 
Sy [2<]59+7 [6.3 | 94] 93.5 
$12.8 61]60.7|6, L. 

2748 [2.9 &le6r. 31s. Bow 
128 $]>. . Tyr 7 10s 93-5! 
2.04 0.1 3- 1251 $2.7 |6.6' | 96.51 
129% 813.1 Sul | $984 
[= [2-7 281.93-7 [6e7: | 98197: 51 
30,8. "EF 65f 64.6 |6, $/ "o9l-98.5| 
| 31s 4 3. 3 664.65,6 6.9 E of '3 i 
[2h 058"'s | 57466, 617.0 2 ol198.9 
— elk 574 6 1721 300[298, 3|37, 
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A Table for difference of Latitude 
— _ 

C13 degr. 82 | S\s degr. 82 þ S\8 _ de. 
E deer. -þ ROE L. =] -: 
2 IJLatuudeard © [Latitude and Q [Latitude andf 
| D. Parture, * | Departure, | 13 Deparruce. | | 
1] 1.0 | 4 35 34-7149 64 68.34 9.6| 
24. $+.O:+-- -5 39] 35-7 |5-O| 70] 69.3 9+7 
\ 3] 3-0] 4 3736.6 |5.1 71] 70.3] 5.9 
| 4] 40] 6 351 37.6 15.3 72 71.3]:0.0 
5 5.0 7. 3s 38.615. 4 73 72+3 ! Os 2 
6] 5.9} 8$ 40] 39.6 15.6 74 73-3Þ'9:3 
i 7þ 6.9] Of 41]40.615.7} 75] 74+3010.4 
+1 7.9] 1-1 42]41,.6|5. 8 76} 75.310.6 
it 9.91 1-3; 431 42.6]6.0 77) 7643110. 7| 
te} 9:9 [1:4 (+4 43:66. 78] 77-2119: 9 
r1] 10.9] 1.5] 45]44- 6 [6,3 79] 78. 2|11.0 
I2[11.91}1.7 46] 45. 616.4 BO} 79.2|L1.1 
13] 12.911.8 _ [47}46.516.5 81] 80.2|11.3 
14| 13.8] 1.9 1451 47.5 [6.7' 32] 81,2|[11,4 
115] 14-S$|2,1] <\48.516.8| 83] 82,2]11.5 
jx5|15.8[2.2]. 5c|49.517.0' 84] 83.2111,7 
17116.8]2,4] 51] 50. 5 [7.1 | 55] 84.2j11.8 
1S$[17.8 [2,5 $2]51.5[7.2 86] 85.2|12.0 
16118.5}2.,6 $3] 5245 [7.4 87] 86.2 [12.1 
2C| 19.5 2.5 54] 53-5 17-5 SE] 87.2112, 2 
2120.5] 2.9 55154-51747 Jy SS, I 12.4 
22421.8 3-1} 56155-5178 | gof 89. 1]12, 5| 
23] 22.9 | 3.2 5745%-5[7-9| 91] $0. 1112,7 
24|23+.8|3.3 521 57-4|8.1 | 92] $1.1 12,$ 
2512447 |3+5; 554 58-4 [8.2 | 93] 92.1412,9 
26] 25. 7.3.6 6c 594 |S. 3 | 94] 93. 1113.1 
27126.7 [3. 5} 6:1 60.4 |8.5 95] 94.1113. 2 
[20] 27-7 | 3-5 _ J]62]61.4 8.6 | 96] 95;1]15.4 
25|28.7 [4.c}] 5:1 62.4|8, 5 | 97] 96.1113.5| 
30] 29-7 [4.2] P4Þ53 4|8.9 | 98] 97. 0113.6 
31130. 714-3 [* |19-of 99] 98.0[13.b 
32}31.7:|4. 4 9+2| {loo} 99.0 [13,5 
133132-714- 67 9.3} 2 00[199.1j27.t 
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[al-rol 8 36[34-2 [11.1 70] 66.6] 21.6] | 
23} 2.81 9 (137]35-2]11-4] | 71] 67-5|21.9 
4} 3.8] 1.2 135136. 111.7] 72] 68.5]22.2| | 
| 5| 4.7] r- 5] 35[37-3x112.0] 73} $9:422-5] | 
[ 6| 5.7] 1-8] [4 38.0 ky 74] 70-4\ 22.9] | 
| 7] 6.6] 2.2| 41] 39-0 |[1[2e7, | 75] 77-3] 23-2 
8] 7.6] 2.5} 42] 39.8113.0] 76] 72.3] 23.5 
9] 8.5] 2.9] 43140. 81]13.3Þ 771 73-2] 23.8 
T0 9.5] 3-1 44 417 I:3.6 | | [_75 [4-2] 24+1] | 
11110, 4f 3-4/ 451 42+7 [13-9] © | 79] 75-1124-4] © 
12|11.4| 3.7 46] 43. 6[14-2| | 8c] 76,1124.7] | 
[13112.3| 4-0 47] 44+ © [14+5 81] 77.0] 25.0] | 
[14\13.3| 4+3| 48] 45-5]14+8| 82] 78.0]25. 3] | 
15|14.2] 4.6 49] 46. 515.1 83] 78.9]|25.6| 
16j15.2| 5.© 5cf 47-154} 84} 79-9] 26.0|þ | 
17 16.1]/5.3] 51148.5]15.6 85] 80,8] 26.3}: 
13[17.1] 5.6| 52[49. 516.1 86] 81.8] 26.6] _ 
19]18,0] 5.g| 5359-44164] 87] $2.7|26.9| | 
wo I9.0| 6.2 54 51. 4116.7 H 88] 83.7 27.24 | 
21120,0| 6.51 55152+3117-0f 89] 84.6 27:5| ; 
22120. 9 6,0| 55153-3 [17-3] | gol $5.6]27.8] | 
[23]21.9] 7-1 57154. 2117.6] | ox] 86.5]28.1f. | 
[24122.8] 7.4] 158]55-2 [17-9 92} 87.5] 28.4} | 
125 23.8. 7T»7| 591501 18.2, | 93 88, 4 28.47] D 
26124. 7| 8.1 6o[57- 1118.5] 94} 89. 4] 29.0], | 
27]25.7þ $.4 161158.0 [18.8] 95| 90. 3þ 29.3 
28126.6] 8.7] | 62159.6 [19.2] 94] 91.30 29.7] 
29127.6] 9-0 631599 [19-5] 97h. 92.2] 30.0| 
ol28.5]} 9-3] 64/60. 919.8] 98], 93-2] 30.'3| 
 Þ1[29.5] 9-6} 65j61.8Þ20.1] | 99] 94.1 30.6] 
32}30. 4] 9.5] 66162,8R0.4} 10cþ 95.1] 30. 9 
3331 40. 2| 67163.7 10.7]. 20C|190.'2 61,5] 
34432.3110. (68164. 7 21,0 13oc|285. 31 92.7 þ 
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| and Meridian-diftance.  _ E7 
x 1h | | ; | | | 
Shodeg| 71 | | Slipdeg.| 71. S r9drg17 1deg- 
J legri | | Fj degr. If { 
2 [Latitude and} = 5 {Latitudean © [Latitude and 
* | Departure, | Departure: _© |_Deparcure. | 
14 < P45 $ 135] 33+ [Le 4 69] 65.2]22+5| 
; 24: 1.9 [ES 6. 301 34+ © [{I1.7}, . | 704 $6.2]22.0|, 
| 3]. 2.84 1.6 370 35+ 0/3 24.14 | 71] 97.1] 23-1] 
{\4| 3-$} 1.3 35135-9/112-4}, 72 $9,1123.4| 
l' 5 4s 7 I, 6 JS 30. 9112.7 73; 69,c|23.8| | 
:6]. 5.7] 2.0 140] 37 © [13-0 74] $945] 24-1 
7]. 6.64 2.30 [+1135.5113.4| 73] 70. $| 2444 
$|.7.5] 2.6]. 42[39-7 [1347] 76] 71.5} 24.7 | 
[ig] 8.5|2:g] — [43Þ40-7 [14-0 | 77] 72-51 25-1} 
tel9.4| 3H — {ealar4 [3 [78] 73-7254] 
gg 4h WO 2 7p" gangs { Penn rs Epmar-ngm ogy 
n [0.4 35 6] 451 42+5 [14-7] © | T5 144 £207 
12111.3]| 3.9 46143-5150 | 8c| 75-61 26.1 
113 12.3] 4.2 147] 44+ 4+]15+ 3 | 31 76.6} 20.4 | 
14/13.2|.4.50 | 48145-4115. 6 82} 77.5] 26.7 | 
151142] 49] 49|46.3|15.9] ' {| 85] 78.5|27.0 
16/15.1].5.] [5087-31163 | 84] 79.4127.4] 
17]16.1] 5.5, 51148.2 116, 6| 85] 80.4(27.7 
f? 17.0] 5.9 152][49-2116. 9 86] 51.3] 29.0 
9118. 04.6, 2 |-2[50. 1 +7. Os 87] 82.2] 20.3] 
Muka]-£5 $432:0107:9} i; [3022 M2nel] 
121] 19.9þ 6,8 155152.0[17.9 f Sof 94. 11 29.0]. 
22120. 8 7 2þ. 156152. 9 18.2 90 LP aq 29.3} | 
23121.7} 7.5] [57133-9186 911-96, 0129-64." 
24122.7| 7.8 55] 54-818. 9] - 92] $7.0130.0]. 
25123.6] 8.2} 59] 55-9 19. 2] | | 93] 87.9] 30-3] 
26124. 6] 8.5 150[ 56. 7:{t9. 5] | 94] 58.91 30-6f 
27125.5] 8.8] 161] 57+ 7 [19+ 9] | 95] 99.5] 30-9 | ; 
28126.5]| 941] [52 58. 6 |20, 2 _}] 96] 90,8[31-3f::: 
2912744] 9.4 63159. 6-[20. 5 | 97] 917 Zl.6f | 
30[28. 4| 9.8] 64]60.5 [20.8] ' | 98] 92-6[3t-9] 
3129. 3]r0.1, * 65161.5/21.2] 99] 93+6| 32.2 
132] 30. 310. 4]; 66]6p.4 [2] 5 | Jrooſ.94454 32.0 
331312 2]10, 7]; 67 F 54 j-A | 4 [2oofi9g,1] 65,1 
(34132. 1111. 1]; A 68} 6g. 3 (2 .2] i | [300 | 10-124 8 
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32-9|12.0 0] 64.81 23.6] » 
133: 810243])-, | 761. 65,9]-23,of | 
434-$[12.6 | 6697] 24.3] | 
35-7 113- ©] 7] 24.6]. 
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37-6]13-7| . 69. 5].. 
38.5114. 0| | 
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40/4 [14s 7 
41,3 [15.0 
42.63 [5544 
43- 2115-7]. © _ B9þ 
44, 2116.1 | | 
45.1116. 4|. 
46,0]16.8 |. 
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49. 8J18. 1 87 
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and Meridian-diſtance 69 
| | | os mpegs py | 
— : # 1 
S|z14eg!. 69 | T [Sfrag) .69 | =|*1deg469 deg.) 
Fg degre | B - degr, | [| 5 TROY" | 
[2 [Latitude and 2 [Latitude and : [Latitude and] 
” | Departure. _ Depaiture. : . Departure. 
IF -. 9] 4, 35] 32+7 [12.5 6c] 64. 4] 24 7 
2) 1.9] 7 36| 33. 6112.9 7c| 65.31 25.1 
3| 2-8] 1-1 37þ34 533-7 | 72] ©6+3] 2544 
al 3-7 | 1-4 38] 35.5 [13> \6 72] 67.2] 25.5 
5| 4-7.|-1-4 39 36.4 [14.0 73] 68.2]. 26.2]. 
6 5.62.1 40] 37. 3 [14.3 | 744 $9+11-26..5] 
on -6.5]. 2.5 41] 38. 3[14.7 751.70 © 26:9 
-8] 7-5| 2.9] 42] 39. 2|L5. © 7&]. 70-9] 27.2] 
9] 3:4 |; 3-24- 43] 40+ I [15+ 4} 73Þ-71- gf 27-6þ 
1cj_9:31 3.5 144|41-1]15.0 7] 72.0] 27.9] 
t1{10.3| 3.9 45142.0[16.1 79) 73-7] 28.3] 
121 IT. 2 4.3 4.6 42.9 16.5 dc 74+ 71:28.7 
2 12.1þ4.7 474 43+ 916. 5; 81] 75+6]- 29, of- 
r4413-1] 5.0 45] 44+ 0 [17. 2 821 76.6] 29.4 
15] 14-0] 5-4}. 491 45-7 [17+ 6 383] 77+ 51. 29-7 
16| 14.9 5-7f 50] 46,717. 6 | 84] 78. 4|. 30.1 
17[15-9] 6.1 51147.6]18. 3 851. 79+. 4[-30.5 
18116, 8 -6.4]. 52]48.5118, 6 861. 80.3] 30.8 
li9[ 17.7}. 6.8]. 53149. 5119+ 4 87| $1.2] 31,2 
2C 18.7] 7 2þ 541.50. 4]i 9. 3 85] $2.2] 31.5 
21[19.6] 7.5 55151-31947 V5|. 83.1131. 9 
22120.5] 7.9þ. 56] 52.320.1 gc| 84.c} 32,3 
23]21.5] v.2 57153-2120. 4 914 84.5| 32.6 
24|22.4] 8.6|. 55154.1]20.'6 92] 85.5] 33.C 
25123-3] 9-0] 5955-1 21.1 93] 36.8] 33.3 
2012443] 9.3 190]56-021.5 94] 97471..33+7 
271252] 9.7] 61]56.9]21.5 | 95] $8.5] -34.© 
28126,1jro.c| 621579 [22.2 96| $9.6] 34.4 
227.1 [0.4 | 62158 - | 
S Oe 4 |- 3[50.8 [22,6 97] $0.5} 34. 
3<[28-0]10.7 64159.8|22, 95] 91.5] 35.1] 
21] 26, 9 11.1 | 165 60..7 123.3 "95 92, 4] .35+5 
32] 29.9 11.5 | 66161.6Þ23. 6] 10c| 93. 4]-35-S 
1331306 [11.8] 67]62,6|24.0 20c}186.7|-71,.7 
$4131. { 12+21, 15363. 5124. 4 _oo)280. 11107; 5 
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[70 A Table for difference of | Latitude | 
— , —_ _—_ _ _ A _ | : es 
I IM 68. El22deg.| 69 | - = 22 deg. 69 de | 
LEt._._. dew B|__idgr.| 3 JA !]| 
13 Lititude and Shlatitude and Q [atitude and 5 
— | Departure. 2 Departure, Ji Departure, , 
2B, os Wy, 35132-4131 59] 64. 0] ,25.9 | 
2] 1.9] 7 35133-413-5] 70] 34-9] 26.2 } 
3] 2.8] 1.1] 37134- 3113.9 71] 55-8] 26.9 | 
4| 3.7] 1-5 138135. 2 14.2] | 72 66.7] 27.9 | 

| 5] - 4.6] 1.9 39]35. 1414.6 73] 67-71 27:4 | 
1 6] 5.6] 2.2 14c[37.1]15.0 74| $8.6] 27-7 | 
| 7] 5.5] 2.6 41438, 015. 4 | 75] 99-5] 28.1 | 
48 7-4 3.© 42138. 9 15.7] 76] 70.5 28.5 | 
9} 9.3] 3+4| 43039. 9,116.1] 77] 71-4\ 2949 | 
ol 9.31 3-7| : 144] 40. 5) 16. 5. | 78]-72-3 29.2 ; 
II 10.2| 4.1” [45] 41-7 16.9 | 79] 73-3] 29-0 | 
12] 11.1] 4.5 146] 4.2, 6 17.2] 8o] 74-2] 30.1 
13} 12,0]"4.9 47143-6117.6 814 75-1j-30.4 | 
I14| 13,0] 5.2: 145] 44.5 [5,0] 32] 76.0] 30.7 & 
I5|13.9| 5.6 1451] 45. 418. 4 | $3 77.O| 2 3 
16] 14.8] 6.0| 150] 46. 4 [18.7] 844 77-9] 31.51! 
17] 15.7] 6.4 1511473 [19.1 85] 7.6 | 
r$116,7| 6.7] 1521 48.2 19.5} { 86] 79.7 | 
to[17,6| 7.1} 153] 49.119. 9 87] 80.6 1 
J2o[18.5| 7.5 154 50,1 [20,2 88] $1.6 | 
-J21]19.5 | 7.9 155]51.0j20. 6 8g] 82.5] 
122]20.4| 8.2 156]51.9|21.0 90] 83.4 : 
23121.3| 8.6 57152.9 [21.4 | 91] 84:4] : 
124] 22.2] 9.0 [5 9153-S [21.7] 92] 85.3 ; 
125] 23-2] 944] 159] 54-7 [22.1 | 93| 86,2 ; 
126|24.1] 9.7: 60155.622.5 | 94] 87.1 : 
27 25,010.11] 61]56.6[22.9 | 95] 88, 1] 35,0 | 
128 26,0110.5] , p $7.5 [23.2 51 96 89, O| 36, , 
129] 26, 9110.9 63 58.4 [23.6 | 97] 89.9] 36.4 | 
zo] 27,S]1.2 ©4159: 4 [24-0] | 98| 90.9 ; 
—_———] ———— ——— | | 
31 28,7 [11.6] | 65160. 3 [24.4 g99| 91.8 | 
132 29,7 T2. 0}; 166 61.2124.7\ oof 92,7 | 
(333% 6]12:4] | [97162-1]25.1] , J2oo|18514 | 
34 31:5 112.71. Rs _168} 63.1 25-51. 300127: 211 | 
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. and Meridian-diftance, 7 | 
n—_ | "x | | 

| / | | | 

S[2 3 deg| 6 S[2 3deg.| 6 S123 deg167 dep.| 
- PE EM by ? of "4 =|? n "I 
A Laticude and Thea - Latitude ano} j 7 Aritude and 
|* | Departure} * be Departure. | * | Departure. 

1-91 47. 35]32-213+7 | 2 03.5] 2049 
| 2 1,8] $8 35] 33.1141 7c} 64.4\ 27.3 
3 12,8 I. 2] 371 34. O14. 4 71] 65.3] 27.7 
4} 3o7|. 1.6 3%] 35.014. © 72] 66.3] 20.1 
5] 4.6| IS] 39k35.9 [5.2 73 67.2] 29.5] 
+ 6 5.5 2.3 40 36.8 15.6 | T4 68, 1 28,9] 

7] 6-4] 2-7] 41] 37.7 [16.0 75]. 59. of 29. 3} 
6 7:4] 3-1]. 4.2 38,6 16, 4] £76] 69.9 29.7 
"of 8.3] 3-5] 43139. 6116.0 | 70» $| 3O. If 
ic] 9:2] 3-9}. 44] 40.5117. 2 78] 71.8] 30.5} 
11 10.1] 4:3] 45] 41.417. 6]. | 7c| 72-7 30.5 
12] 11.0] 4.7 [46142.3]18.c 8c| 73-6] ZI. 2j- 
13] 12.0] 5-1] 1471 43.318. 4 81] 74.6] 31.6 
Taſ12.9] 5-5] 48144. 2118.7 82] 75-5] 32.0 
151138] 5.9] 4145.19. 1 | 83] 76.4] 32.4 
16]14.7| 6.2] 50]46.0[19.5 | $af 77-3] 32.8 
17515. 6 6,6] 51146. 9]19. 9 85] 78.2] 33.2 
15116, 61 7.0] 52147-9120. 3| 86] 79.2] 33.6 
9117.5] 7+4] 153] 48. 8]20. 7 87] 80.1] 34.0 
2c[18.4] 7.8  154]49+ 7121+ 1] $5] $1.0] 34.4 
21119.3]| 8.2 55150-6[21.5 85] 81. 5| 34.8 
22120,2] 8.6] 56151.5[21,9 gc| $2.5] 35.2 
23 21.2] 9.0] 57152.422. 3 ' 91] 83-8] 35,6 
24[22,1] 9.4| 58153.4|22,6 92] 84.7] 36.5 
25123.0] 9.8| 59154-3123-0 93] 85.6] 36.3 
261|24.,0|10, 2 | 60}55.2123.4 ' 94] 86.5]. 36.7 
27]24.8]10.5] [51 56.1]23.5 95] 37. 4þ 37. 
28/25. 810.9} 62157, 1124-2] 96] 88. 4] 37.5] 
25129.7 [11.3] 63158, 0 24. 6 | 97] 89.3| 37.5. 
3c 27.6 11.7 64159. 9 25.0 . 98] 90.2] 33. 3þ. 
31 28.5 12.1 05159. 8 2544 95 01. 1 | 38.7 
321 29. 4112.5] 66150,8 [25,8 100] 92.C| 39.1 
33} 30 4 [12-9] 67161.8 26,2 200|184.1] 78.1 
34131; 3 13. 3| 68162,6]26, 6 3001276.10117. 21 
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32.0 
32.9 
[33-0 
134: 7: 
35+ 6! 
136. 5 
37-4: 
39. 4 
39+3 


44] 40. 2 


141. 1 


46] 4.2. © 


42.9 
81 43.9 
44.8 


501457 


46.6 
147+ 5 
54] 49+ 3. 
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JIcT 
52.1 


641595 


29+ 4 
60. 3 


I4.2 P 


| 49. 4 [2 
50. 22 
53.02 
155+ 7 | 


56. 6 * 
97+ 5 
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[Latitude and| | 
Departuye, g £ 


63.0 
02, g 


64. 8) 2849 


65.8 
66.7 


] 57.6] d. 


68.5] 
69. 4 
70.3 


71.2 


92.1 


7 3o o 
74.0 
74-9 
75.8 
70.7 


77.6] 3 


78.5 
79.5 


80. 4. 


| 81.3 
1-82. 2} 


$3. I 
84. © 
84 9] 
85. © 

86, 5 
$7, 7 
88, 6 


98] 89.5] 39: 


90. 4 
91.3 
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+2 and Meridian-diftance.' © | 
25deg.| 65 | | ol:549, 65 S 25deg.\65 deg 

Z [Latitude ahd n: Latitude and - Latitude and 
[OG Departure. | of Departure. EX. UT. 
te a "A 35[ 31.7 I4. 5 6g] 62.5 29.2 

2 «8, s 36] 32.6 [15.2 70| 63.4 29. Of 
3 2-7 | 1-3] 37]33+5 [15-6 71 54-3 3&0) 
4: 3-6] 17 38] 34- 416. 1] Te A: | 30.5 
5. 4:51 2-2 [39135-31185 1; Bodagd [nd 
6\- 5.4 2.5 TV 40] 36. 2 I6, 9] 74 tg; 3L.3 
"ml 6.3] 3-0 41037. 2117-3 75 ab 31-7] 
$| 7.2] 3.4]. 42138. 117. 6 76; g + 3 Al 
of B.1] 3.8] 43]39.0[18. 2 77] 59-8] 32.6] 
jo 9-1] 4-2] 44139-9115. 6 78 72:7 33-2] 
In 10.0 4+ 7] 45 40.8 I9. © | a bl a 7'v 
12] 10.9] 5.1 46] 41.7 jI9-5 46 e 5 330 0 
13\11.8} 5.5] 47142. 6119.9 ; 73:4] 3443 
14|12.7| 5.9] 48:43. 5 [20 3 " 74-3 34-7 
15113.6| 6.3 149] 44+ 4 [20+ 7 83) 75-2 35-1 
16]14.5| 6,8] 501453 [21.1 4 70.1 35-5 
1715-4] 7.2 51] 46,2 |21.0 | 85] 77.C 30.0 
18116.3] 7.6 52]47- 122.0 86 77-£ 36. 4 
19117.2| 8:0 53|48.0[22.4 | $7] 79-51 36.5 
20|18.1] 8.4] 54148. 9 [22. 8] BY 79-7]_37-2 
[21|19.0\ 8:9 55149. 8 [23.2 | 3] 80u7] 37- 
22 19.9] 9.3 156] 50. 7 [23-7 90 ik 
23|20.8| 9.7 57151. 6124. 1] * 91 : 5 

24|21. $j10,1 55] 52.6 [24.5 92 33-4 
25|22.7]10,6 59153-5 [25-0 93 Sg 
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CHAP. XIII | 
The Uſe of the Tables in Plain Sailing. ' 
]* Tables (as I ſaid before) Mr. Colſome hath been pleaſy} 


to place in his Book called his New Kalender, and both then} 


with Complements below, which my Father (were he alive) would k; 
alhamed to fee : for without that, *tis far cafier to know the Soxthiy? 
or Northing, from the Eaſting or Weſting, by the Conrſe from the Sj? 
or North, Eaft or Weſt ; for let the Courſe be what it will, from th} 
North or South, under that is the difference of Latitude in the Colum 
againſt the diſtance run 3 and let the Conrſe be what it will from}; 


the Eafting or Weſting : As, ſuppoſe the Courſe be South, 40 degin} 
Weſterly, againſt the diſtance run, and under 40 degrees, is the difk 
rence of Latitude, and againſt that, in the next Colume, is the Meridia 
diſtance, and the Coxrſe from the Eaft or Weſt is 50 deg. over that Colum}; 
(as you may {ee in the Tables.) | E 


How to keep a Reckoning by the Tables. 


; 
: 


as followeth. 
Tune 10 Conrſe. Miles. North, Weſt. 
11 Saturday |NWbhyN go | 74 «6 5o 3 
12 Sunday N W | 100 | 70 7} 70:7 
. 13 Monday NE 89} 62 3} 62 3 
14 Tueſday N W. | 100 c f $70 f 
K | 
15 Wedneſday | WNW| 100 | 37 5| 32 7 
16 Thurſday Weſt | 100 | oo c| 100 © 
17 Friday | Weſt | 78] ca c| 780 


. and of late in my Fathers Seamans PraTtice, they be print 


Eaſt or Weſt, under that in the- Colume againſi the diſtance run, iff 


Suppoſe upon the 10th of June 1683, being Friday, I departed fron | 
certain place that lieth in 32 deg. 20' (of North Latitude) and ſaild} 


in Plain Sailing. 95 

For the working this, 1look in the Tables ( before ſet down ) and 
conſider the Courle is 34 deg. neareſt ( look for 34 deg..) and againſ 
the diſtance run, the firſt day 90 miles, in the Colume under 34 deg. 
I find 74 6, that is, 74 miles 6 tenths; which is my Northing made 
that 24 hours, becauſe it's under the Courſe failed from the North: In 
the next colume, - and under 56 eg. I find 5o miles 3 tenths for my 
Weſting, becauſe *tis under my Courſe from the Weſt : Set it down (as 
you ſee againſt Saturday ) and when *tis in that order, I have my Co- 
lumes ruled ( as here following you ſce ) for my Reckoning 3 and ſet 
down the 11th Saturday. Before you proceed farther, conſider what 
you muſt do with your difference of Latitude: Now becauſe 1 am in a 
North Latitude and have gone to the Northwards, therefore this 74, 
miles 6 tenths, or 75 miles, (for 6 tenths is above half a mile) muſt be 
converted into degrees and minutes, by dividing of it by 60, and it is 
1 dep. 15': that adde to the Latitude 1 departed from yeſterday, vis. 
32 deg.20/,andit makes 33 deg. 35' (the Latitudelamin to day); (et 
ic down in your Reckoning agamſi Saturday, and in the next Colume 
| beyond it ſet the Meridian-diftance 50 miles, and fo the firſt Line of 
the Reckoning will be read thus : The 11th day being Saturday, I was 
in the Latitude of 33 deg. 35', and had Weſt Meridian-diſtance 50 miles. 
And this is the meaning of the firlt days Reckoning, 

The next day being S#nday, 1 work the Courſe and diſtance given, 
as before is ſet down 3 and when I have added my Northing, as be- 
fore, I ſct it down as you fee in the following Reckoning 3 but my Me- 
ridian-diſtance being Weſting, I adde it to the Weſting yeſterday, and 
it makes my whole Weſting to this time : 


That yeſterday was 050 Miles. 
"That to day is __ 071 miles. 
The whoke is - I21I 


_ Set down 121 miles in the Reckoning, and it fiands as in the fe. 
cond Line of the Reckgning. And doing thus daily, you have your 
whole Meridian-diſtance for any day of your Reckoning given, by adding, 

two numbers together. | 
{f it fall out, through contrary winds, that you make Eafting when 
you would make 7efting, (or the contrary, as in the third days work ) 
ſubſtrad] your Eafting ſo made, from your Weſting, and the remainder 
will be your whole Veſfting: The like is to be underſtood of the reſt. 
And this is a true way of keeping a Reckoning by Plain Sailing. Now 
it you demand how you ſhall do at any time to know the baring and 
iſtance 
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diſtance from the place you ſet, I anſwer, you have your whole Me | 
dian- diftance, the Latitude you are in, and the Latitude you ſet from, t ! 
find the Coxrſe and diſtance 3 and if you will, you may make a Column ' 
for the whole difference of Latitude, and carry it along as you do th ! 
whole Meridian-diftance 3 but I think it needleſs, becaule it is but (ub. © 
ſiraQing the leſſer Latitude from the greater, and converting that int 
miles, and you have the ſame thing, b 


Theſe plain Reckonings doth well enough to and from places nex | 
the Equinofial, or to any places that you come back near the ſame wy | 
you went out, but in other runs not : For the World is round, and Pz | 
rallels as they come nearer the Poles, are leſſer than great Circles; kh 
that if a man be bound from London to the Weſt Indies, it may happa! 
that Weſterly winds may carry him fo to the Southwards, that he my! 
make but little Meridian-diftance till he comes as far Southerly x}; 
25 degrees 3 and when he comes home, he may be ſet to the Nor # 
wards by Eafterly winds, ſo that he may make but little Meridian | 
tance, till he.comes ſo far to the Northwards as 35 degrees, or ſome | 
times 45 degrees. Now no plain Reckoning will come near th| 
truth in this caſe 3 but ſome other way that will meaſure the Worll 
(which is a Globious Raddy.) However, this as I ſay, doth well 
many caſes. The Reckoning is this following 3 which I call, An A 
count of the Northing and Southing, Eaſting and Weſting, that we mak? 
in our Voyage from Bermuda to the Capes of Virienia, namely, Cit! 
Henry, and commonly over the head of the Reckoning, right to ſont! 
ſuch purpoſe, as I have done here. 4 
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From Bermuda we departed the 1oth day of June 1683, being 
Friday, and were bound to Cape Henry in Virienia, which 
( as it is generally accomited)) bath Weſt Meridian-diſtance 
from that Iſland 420 miles, and lieth in North Latitude 
37 deg. Here followeth my Account of Northing and South- 
ing, Faſting and Weſting that Voyage. 


—_ 
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= | Merid.| og 
<{| Week- |Latitudediſtan. 
| days. [deg mi. Well, 
"+ WE e—_LGC ESD: : =Y 
Saturday ob. [33 . 35' 050-|Fair weather, the wind W S W. |. 
Sunday obſerv:[34 46 121 |A hard Gale at. N W byN. 
Monday obſer. [35 49 058-JA freſh gale N-W by N.we (ce a Ship. 
Tueſday obſer.35 05! 134 JFair weather, the wind S W. | 
Wedneſday ob.36 43] 226 |A fair Southerly wind, but variable. 
Tharſday ob.: 136 43| 326 [The wind at Eaſt, fair weather. - 
[17|Friday obſerv.[36 46] 404 |The wind at Eaſt, and fair weather.| 
And we lee Cape Henry and {ct it , and it bore off us North North 
Welt, and was diſtance by eſtimation, five leagues. Re ed 


| Things of note in the Voyage. 
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'FS you'may keep a Reckoning of the Meridian-diſtance, and the 
Northing and Southing of a Ship, any where, which I call Plain 
Sailing: but (as I faid before ) *tis not ſifficient to know, and do this, 
but wermuſt think 'of ſome other way to keep an account of the Longi- 
tnde made in'any Parallel ; which we will do, by turning the miles of 
Meridian-diſtance into degrees and minutes (every day) and ſo ſetting 
it down ina Coltme (for that purpoſe) added to this 3 and this is pro- 
perly called Mercator's Sailing, becauſe he ſhewed the firſt deſcription 
of this way : and indeed that is the onely way to keep all Reckonings 
at Sea, except a coaſting or ſhort run, or other runs that a man comes the 
fame way home that he went out Cornear it) 3 and in ſuch cafes, the a- | 
dove-mentioned Reckoning is exa&t enough. But for the doing hereof, 

it 15 neceſſary that you have ſomething that will thew you how many 
miles makes a degree of Longitude, in any Latitnde 3 and there is ſuch a 
Line called the Line of Longitudes, deſcribed vpon the Plain Scale, with 
the manner of its Proje&tion, in Chap. III. Fig. III. The Uſe of which 
Scale 1thall here ſhew YOu, 


O CHAP. 


os. Propoſitions of Plain Sailing, 
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CHAP. XIV. 

Of Mexcator's Sailing : And bow to keep a Reckon- | 
ing, according to. Mercator's Projection, by the | 
Plain Scale. : 


Dmit I have the ſame Reckoning to keep that I had before, ſ& | 
down the firſt days work, as I have there done, and the Meri J 
k dian-diftauce that had the. firſt day, convert into degrees and | 
minutes in thoſe Parallels by the Scale of. Longitude, thus: See what 1 ; 
the middle Latitude that you failed through between yeſterday and to. | 
day was, by adding them both together, and taking the half, and I find 
it was 32 deg. 57'. Fix your Compaſſes upon: the Line of Chords, and: | 
take off that middle Latitude har Gone, carry it to the Line of Lone 
tude, fixing one foot in 60, and where the other foot falls, it gives 
p90 number of miles that makes a degree in that Latitude, which herein # 
this. cafe I find to be 50 miles to a degree 3 from which I conclude, © 
that this 24 hours 1 have (ailed a degree of- Longitude. Set it down. 
in a Colume which you-muſt make on purpoſe for it, next to the Meri- 
dian-diſtance, as in the Reckoning following 3 and it is ſting, becauſe f 
the Meridian-diftance is Weſting. / 
. Fhen for. the ſecond days work, Take the middle Latitude between. | 
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the firft days work and the fecond, which is done by taking half the ! 
difference of Latitude between yeſterday and to day (it was the half & ! 
7+ miles) and adde it to the Latitude yeſterday ( becauſe you increale: # 
your Latitude ) and it makes the middle Latitude 33 deg. 22', Note, þ 
That if your Latitude bad decreaſed, you muſt have ſablira&ed it : .but your, 
own reaſon will give you that. This middle Latitude take out of your. | 


Line of Chords ( as before } and apply it to the. Line of Longitade from: 7 
60, and the other foot will give 5a (ncareſt) which is the number & 1 
miles that makes a degree in that Latitude. Now, becauſe the Merida . 
an-diftance is moxe miles than makes a.degree, divide the Meridian-db, | 
ſtance by 50, and the Quotient is 1.deg. the remainder is 2T. Say then, þ 
( by the Rule of Three). if 50 miles gives 69 minutes, what (hall 2+ ! 
' give? and I find it gives 25 minutes 53 or 3 of a minute ( which fre | 
<10n) 1 regard not ; fo that to conclude, I find this 7-miles of pra [ 

alt | 


performed by the Plain Scale. 99 
- 2;an-diftance is 1 deg. 25' : Tadde this to my Longitade yeſterday,which 
was 1 deg, and it makes 2 deg. 25', Set it down as you ſee in your 
Reckoning, In this manner you muſt ſet down the whole Meridian- 
ziftance, and difference of Longitude in the laſt Colyme 3 fo that no man_ 
can take you unprovided of giving; kim an account where you are, or 
where you were any day ſince you ſet outy 

Note, That if you be ſhortned by contrary winds, that you make 
Eaſting when you would make Weſting ( Or the contrary ) ſo that you 
- make your Longitude leſs; then ſubſtradf it : but {urely your own rea- 
fon will ſuggeſt that. This may fatisfie for Examples of this nature : 
The like is to be underſtood of any other. 

Here followeth the Reckyning which ſhould be writ over the head or 
top of it, asthe other is, or to that purpoſe 3 which I omit for brevity 
ſake. 
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The foregoing Reckoning according to Mercator. 


| | Merid. Long. | 
| Week- | Latit. diſtan.| Eaft. |q7,; EN 
| days. |4 m{Weſk.| in Things remarkable in the Voyage. 


miles. &. Mm 


Saturd, 0b433 35] 005001 OO[Fair weather, the wind W S$ W. |} 
12]S*nday 0b434 460121 ſo2 251A hard Gale at N W by N. | 
13]Mrund. ob. [35 49] 0058]00 56A hard Gale at NW by N. | 
14[Tweſd. ob. [36 05] 013402 2T|A fair day, the wind Southerly. 
15 W edneſ. ob.136 43] 022604 16The wind Eaſt, and fair weather. 
]! Thurſd, ob136 43} 032606 20\The wind S E, and fair weather. 
17iFriday ob. 136 461 0404107 58/South Eaſt, and fair weather, 

And weſee Cape Henry, hd it bore N NW, and by 
| eſtimation it was five leagues off | 
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A thus the Plain Scale will work the beſt way of Sailing to a 
A minnte of a degree, and leſs (if need required it). 1 call this of 
Mercator S Sailing the beſt way of ſailing, becauſe *cis moſt in uſe 3 and 
Great Circle Sailing, the neareſt way of { ſailing, but cannot be uſed fo 
much as this, becauſe the Land hinders you in moſt Voyages from fol- 
lowing that Arch that would lead you the ncareſt way. I would have 
all men prize the Plain Scale : I am afraid there be many men that 
work by Gunter, and the Tables of Logarithms, and the Square and Cube, 
that do not know the true uſe of h Scale, but deſpiſe it, and know 
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T os The Deſcription of the Plain Sea-Chard. 


not what they do in thoſe deeper things, for want of knowing this 


well.7 ( Thisas a Caution by the way.) 
I do not know any better way of keeping a Reckoning than this; 
. but it'will be ſomething abreviated, when you come to work it by the 
Complement of the Latitude, in proportion. with Radins.. But I ſhall 
come to that in order. % Yds 


But again, by this Plain Scale. 


Hen you have found how many miles makes a degree'in the mid- 

V - dle Latitude, your beft way is to work your Meridian-diſtance, 
thus: Say (by the Rule of Three) If ſo many miles (admit it were 49) 
%ives 60', what ſhall your Meridian-diftance in miles give? what come 


out, is leagues of Longitude 3 that divided by 60 (if the-number bea- | 


bove 60) is degrees, and the remainder minutes of Longitude 3. if Tels 
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CHAP. XV. 


'The Defeription or ProjeStion of the Plain Sea-Chard; 
or any plain Plat or Draft. 


large. Scale, and ſo the.true diftances and Courſes from place to- 


| E:: Coaſting, the onely thing is ſuch Ghards or Plats that have 2 


a place will be the mage exaQ, and the dangers the more perſpir 

: cuQus. The manner of making theſe Drafts, is on this wiſe, | 
Sippoſe have a Skin-or clean” Skins-upon a Board (which may be 
reſembled by this following) and have a mind to make ſuch a Draft as 
this is here,by another of the ſame Scale : VIt take off the Land from the 
other with oyled Papers fitted for that purpoſe,and having fome North 
and.South, Eaſt and Weſt Lines drawn here in this.- as is in that, Pll 
lay them Papers with the Land taken off in them by the ſame Lines 
 hereasI-did there, and with a Penfil of braſs 1! run' the Land over, 
and it will leave the impreſſion of thie ſame on the clear Plat, that 
draw out ( ashere ); this done, from one' Center ( as here upon ©) 
 Gefcribe a Circle with as large a Semi-diameter as the Board or Plat 
will vear, and divide it into four: equal parts, for the Noxth, South, 
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The Uſe of the Plain Sea-Chatd. Sor 
Faft, and Weſt points of your Draft, and draw them, as hereN © $ 
and W © E. ( Note, They mult be parallel Lines to them Ealt and 
Welt, North and South Lines, which are drawn before you hid down 
the-Land.) This done, divide your Circle into fixteen” equal parts ; 
and from them parts draw from one of them, through every one of 


. them, a Line from ide to fide of the Draft, and it. will make 5o points 


at the Center, befides the Mcridian it felt: And becaule there are 15, 
ſuch points, every one. will be two points for a North by Welt Line, 
drawn through muſt be fromthat Center a South by Eaſt Line alſo ; 
and ſo of the reſt, As for the Line or two points which be wanting, 
in the next Center you will have one run by itz fo that from your 
firſt Center *tis but drawing a Line parallel to it, and you have I . 
points.: and thus do by the reſt, If you will, you may make but 
eight Centers, unleſs it be in a large Draft. 1 divided the firl Circle. 
here into 32. points, but 15 is the number that is uſed for. theſe Cen-. 
ters 3 and therefore draw no more till your other Lines be all drawn, 
for fear of miſtaking. 
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CHAP. XVLI. 
. The Uſe of the Plain Sea-Chard. 


He Uſe of this Draft is very cafie and common, ſo that ?tis but 


; [ ſuperfluous to ſpeak of it. However, Il ſhew it here. If 


you would find how one Lard bears from-another, ſee what 
point runs neareſt from one.Land to the others and if'it be not exact, 
take half between that and the next point, or a quarter, and run it a- 
long, and mind what point it is neareſt to, and which way your Fra- 
Qion is from that point, and ſo count their bearing, 


EXAMPLE. y 


_T would know! how the Northermoſt part of the Iſland at-A bears 
from B. I fix my Compaſſes: at B, and looking, I ſec the Line CB 
run ſomething near it; but taking my Compaſſes,and from B ſweeping 
that Line, I carry it along and find it bears ſome of the Iſland to the 
Northwards, and but a little ; ſo that 1 gueſs the Gourſe will be ſome- 
thing more Welterly than that Line (which is South Weſt by Well ; 

an 


102 The Uſe of the Plain Sea-Chard. 


_ till you come to have the other place Eafi or Weſt off you, according 
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and therefore will count it South Weſt by Weſt 4 Weſterly. Thelike | 
of any other. | 
Secondly, -if you would: ſet off any diſtance failed upors any Courfe; 
take the diſtance from the Head Land or place to the point of the Com». 
paſs that you ſailed on, juſt fweeping it, and carry it along a good way 
from thence -in that point 3 then lay your Scale from the place you 
would ſet off from.; ſo as the Compaſſes may juſt {weep the Scale, and 
take your diſtance that you would ſet off, and ſet it from the place'by 
the edge of your Scale, and*there is your Ship or the-place you deſire, 
becauſe the edge of your Scale is parallel to the Line or Point of the 
Compaſs you would ſet off. 
Thirdly, If you would know the Meridian-diſtance' between two 
places, then take the neareſt diſtance between the place and the next 
Meridian-line that runs between them, and carry that by that Line, 
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as it falls 3 and-that done, continuing that foot which you run from ' 
the Land in that place it falls to be, extend the other to the Head Land | 
.or place appointed, and that apply to your Scale, or graduated Merith- 
* and it . gives you the miles or leagues of Meridian-diſiance equi» 
xcd. f 


EXAMPLE. 


Admit I would know the Meridian diſtance between A and B, the | 
:neareſt Meridian-line to A is E 3 Pll ſweep that Line from A, and carry ! 
it in the ſame Line with that extent from theLine Welterly, as I took * 
it,till 1 come toF 3 and then from that diſtance Welt there Pll extend © 
my Compaſſes to B; and apply it to my graduated Meridian, and it | 
- makes 37 leagues-upon the Meridian, or 1 deg. 51/. ; 
If you would find the difference of Latitude'between two places, do | 
the ſame from Eaſt ard Weſt Lines, as you did here from a North and j 
South Line. - BH 
Lafily, if you wonld find the Latitude of any place, take the nearck ' 
-diſtance between that place and the next Eaſt and Weſt Line between *' 
them, and run it along that'Line till you come to the graduated Meri- | 
dian, (keeping the foot of your Compaſſes that you run from the plact | 
the ſame way) and it will cut the Meridian-line in that Latitade whi | 
the place lies-in you delire. | 
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The ProjeCtion of the Quadrant. 10 g: 


If T would know what Latitade the point A hes in, I fix my Com-. 
paſſes in A, and ſweep the Line O, and run it to the Meridian-line, and 
it falls at K, which is 52 degrees, the places Latitude required. . The 
like of any other. 
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CHAP. XVIL 


The Deſcription, ProjeStion, and Uſe of ſuch Inſtru- 
ments as at Sea are fitteſt for Obſervation for 
finding of the Latitude. 


I. The Projetion of the Sea-Quadrant. 

Fig. L. His Quadrant conliſts of no more but 90 degrees, or: 
; a quarter of a Circle : in the great Arch E F is 30 
degrees, and-in the little Arch ST is 60 degrees, 
cut off upon theſe Arches, from the Arch of 9o degrees D CB ( the 
Arch DC being equa} to. EF, and CB equal to T'S., and all of them 
deſcribed from that center where the Horizon Vain ſtands, which is at 
A): fo that for:the making of it, 'tis but laying down the 90 degrees 
of the Quadrant D A B, and from. it project your Quadrant at what 
dimention you pleaſe; but commonly the ſemi-diameter of the little. 
Arch ( whichis AS) is one third of the ſemi-diameter of the great - 
Arch AF or A-E. | 


Now to- obſerve with this Tiſtrument. 


Here are three Vains, as RKA: That at R is the Sight-Vain, - 
that at K is the Shade-Vain, and that at A the Horizon-Vain. 

The Horizen-Vain is ſet home to the center of the Quadrant, ( as you - 
way ſee at A). the Shade-Pain is always ſet on the Goth Arch at any. 
hfth degree, as at 5 degrees, 10 degrees, &c. and there rergains with- 
out alteration 3. the Sight-Vain is always ſet on the 3oth Arch, abd is 
£0 be removed as the Sun riſeth, There is alittle hole in the Sight-- 
Fain, through which you look upon a Lins that is in the Horizon Vain 
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FO4. The Projection of the Croſs-ftaſf. 
from the upper fide of a ſlit there, through: which you ſee the Herizon ; 
and this Vain 1s to be removed fo as to ſee the Horizon, the ſhade of the 
Shade-Vain, and the Line on the upper edge of the Horizon-Vain, all in 
one exactly, and then it is right ſet 3 and as the Sun riſeth it will re 
quire to have the Sight-Vain removed lower ( which do) fill till the 
Sun be up or ugon the Meridian that day 3 and then you will find it 
will require to be removed back again : -by which you-know the Sun 
is upon the Meridian 3 therefore let all land till you fee ir:doth fo, and 
ſze what you have upon-your Quadrant, thus, nh 

Count trom the Sizht-Vain K how many deg. there is to E, and alſo 
what number of degrees and minutes there 1s on the great Arch from 
R to E, and adde them together,that ſum is the Complement of the Suns 
Meridian Altitude for that day 3 which work as I ſhall ſhew ( in Rutes 
tor.that purpoſe ) to find the Latitude, This Inſtrument is the beſt 
that-I know, to obſerve the Sun at Sea with. There is a Line from 
tie little hole in the Sight-Pain to the Graduation from which you count 
what's upon the great Arch, This great Arch is fo large, that the de- 


grces are ſub-divided into ſix parts,each part being 10 minutes of a de- | 
oree, {© that you may take it off to a.near ſcantling 3; but to be more | 


exad, that Arch hath commonly a Cciagonal Line on it, by which you 


way take it to ſeconds of a degree 3 but with care you may do as well | 


Without It. 


AI, The Projettion of the Croſs ſtaff. 


t19. [I my upon a Board fitted for that purpoſe, draw the Line ; 
| I» . 7 | 
AE, and from A raite the perpendicular Line ALT, | 


and (making A the-center) deſcribe the Arch LE ( which is a Que 


drant) divide it into two parts in the point'S, and the halt SL d i 


vide into 90 <qual parts, (though here *tis but into 9, by reaſon of the 
fmalne(s of the Circle) : Theſe parts muſt be {u>-divided each into ten 
parts in ycur work of that Jlargeneſs for ule. And from A draw 
| ines from every ſingle degree and 10 minutes of a degree, as here 1s 
done to every ten degrees, This done, for the 20th fide of your Scak;, 
through the 20th diviſion, at 20, draw the Line BO parallel to Al, 
and the diviſions will be made by the Lines drawn from A. 

Allo draw ( fer your 6oth tide ) a parallel Line to Al from 60 in 
the Circle, as C K, and the Lines from A divides that: The like from 
99. ® And in this-manner' is the Croſſ-ſtaff projeced. But be very ex- 
act in cividing your Circle 3 for cle it will fail much, it being tae 
natuie of a cangert Ling to run ſo edging to a Line it cuts. Tie 
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t The ProjeC31071 of the F oreſt aff. SHOERE | 7 


diviſions being thus laid down on a Board, you may take them off and 


{t them on your Staff provided for that purpoſe : It you will, you may 


make a tenth fide after the ſame manner from 10 on the Circle, 
Laſtly, for the length of the Crofles, they be as tolloweth, 
The Croſs for the ſide that goes but to 10 degrees, {hall reach from 
ro degrees to 8 deg, 31' on the tenth fide, 'or the halt length of it is 
from 10 degrees to 9 deg. 12", 
The Crofs for the fide graduated to 20 degrees, 1s twice the length 
of AB. Ra, | | | 
The Croſs of the thirticth fide ſhgu'd reach upon:the Graduation 
from 3o to 19 deg. 47' (ut you make luch a fide) which-indeed is com- 
mon. | 
© The Croſs for the ſide graduated to 60 degrees ſhould: reach from 
60 degrees (on that fide) to 30 deg. 00". 
The Croſs for the tide:graduated to 90 degrees, ſhould reach from 
90 to 36 deg. 52". 


T he Uſe of this Staff in obſerving the Sun or Star. 


Ut one of the Tranſomes on, and ſet the center-end of the Staff 
Js. (that is the end at B) to the corner of your eyc, and remove that 
Tranſome upon the Staff till you bring the center of the Sun and the 
Horizon to be Juli clear of the ends of the Tranſome, and ſo have you 
{et the Staff well z but if the Sun or Star riſcth, it will require to be 
removed nearer in towards your cyc; if falling, to be further out, 
(which you muſt not do) but keep what was at the utmoſt riſing, and 
the Tranſome will ſtand at the very degree and minute that the Sun or 
Star is at the higheſt, or the true Meridian Altitude, whoſe compt you 


. may work by, as you are adviled in Rules for that purpoſe to find the 


Latitude. 


- 


IIT. Of the NoRurnal. 


Fig, HL TY Infirument js ſo generally known, that I need fay 

L but little to itz and indecd a man may take the 
Chant as well, or better, without it (if he be acuſtomed ſo to do) 3 but 
vr ticir ſakes that uſe it, Pllgive a ſhort Deſcription thereof . 


106 'The Projection of the NoGurnal, and its Uſe. | 


Its Deſcription. 


Hat part of it with a handle hath the outer Circle divided into 
ÞF twelve parts for the twelve months, and cach month into days, |. 
Now: theſe are counted towards the left hand, and marked with the * 
firſt letters of the months name,or more. There are two other Circles. ! 
the outermoſt is divided into 24 parts, for the 24 hours 3 the other ; 
into 29 parts, for the days of the Moons age, to find the Moons South- | 
ivg and the Tydes. | ; 
' Some make one ſort of theſe NoRurnals, ſome another; one for the ; 


for the Guards of the Little Bear, the 21th of April is there. The | 
back-part is divided into 32 points of the Compaſs, whereby you & 
know the bearing of the Guard, and fo ( by the Table of the North þ 
Star ) do find his declination 3 but-I think (as I ſaid before) a man | 
may better guels at it, if he be fo accuſtomed, 1 

The next part hath a long Index, as it were, with the edge conti- | 
nited dire& from the center, and that you turn to the day of the month; | 
above that'is a Circle divided into 24 hours: fo that when this long,” 
Index is ſet to'the day of the month, and: the other turned to the | 
Guards, the ſtreight ſide of that other, gives the hour of the night up- | 
on the Circle. _ | 

The moveable part above hath one ſide thereof from the center, and | 
{ when you obſerve ) muſt be turned to the Gzard, Now in the ce | 
ter there is a hole throngh which you ſee the Pole-Star, and keep the 7 
movyeable part above on the Guard, ſo you may ſee what Guard' it is. 


How »to Obſerve with the NoCturnal. 
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WE you obſerve with this Inſtrument, hold ic by the hand, 
with the back-iide towards you' ( but be ſure you hold it up; 
xipfit, for what it wants of being ſo held,is' a real error (which maks 
meay; a'man' may gueſs as ncar without it for the Guard) but the tip! 
over againſt the handle is the beſt Guide you have for the holding 0} 
itupright ): It being ſo held, look through the hole that. is in tht! 
center upon the North Star, and the Guard, as 1 have ſaid before, ' 


2 


PEE: 


1 


To find the hour of the Night by the NoQurnal, 


Index to the day of the month, ( and be ſure keep it there ) and 
hold it as I have (ſhewed 3 and looking on the North Star through the 
hole, turn the long Index to the Guard, and the edge of the ſhort In- 
' dex ſhall cut the hour of the Night 3 and likewiſe, find (on the back- 
fide) what Guard itis (1 mean, how they bear from the North Star) 
that ſo you may fee the North Stars declination, either above or under 
the Pole. | | 

We might find near enough the Moons Southing, by this Inſtru- 
ment, and fo Arithmetically the time of High Water 3 but 1 think the 
Rules for that (which I have inſerted ) are much better, that this will 


not be uſed, 


is you would find the hoar of the Night by the Guards, ſet the ſhort 


IV. The declination and diſtance of the Croſiers from the South 
Pole. | 


\ 4 « b . 
FIyY _—_ th, —_—_— —_— 


T6 Declination|Ditt. trom! 
deg. min. Ae, min. 


The Weti Crokier - Y 56. :'55-| 33-05 

| The Eaſt Crofter 2 $7.::57-|432 308 
I 

2 


The South Crokier | | 61 : 2528 + 32 
The North Grofter {| 


OE 933+ 33 134:: 


_ The NAMES. "1 Magnitude. | Southerly: |Sou, Pole. 
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He declination of theſe Crofiers have not been fo well noted as to 

FL be inprint before, (as I know of ) and indeed the greateli notice 

that] take of any of them, is the South Croſier, or the loweſt to the 
Southward, whoſe declination and diſtance from the South Pole, I do 
aſſert to be true, from my own experience, ( not but that the reſt are 
{o too ) but I have not experienced them ſo much. I think my Bro- 
ther Mr, Andrew Norwood made theſe Obſervations of them, as in the 


preceding Table, 


Pty -*:""Bhbb 


108 Rules to find the Latitude. 


This Conſtellation is called the Crofiers, becauſe they make a Croft, as in | 
this Figure, And this-is obſeryeq | 

North, of them, That when the North and ; 

* South Crofters are directly over one 

| another,. they are upon ( or very | 

Weſt. * X Eaſt. near ) the Meridian : So that by F 
looking upon them, you way know | 

X when to obſerve them.. They are | 


South. . | the beſt Stars that I know, for ob. | 
ſervation to the Southwards of the EquinoGtal. 


—_ A, —_ 4 


CHAP: XVTIE 
Rules to find the Latitude. 


T His Book, ſo generally treating of Navigation, cannot want the | 

Tables of the Suns Declination, and for that reaſon I have 

, placed them here -and-for both that- and ſome other occa- | 

' Hons, that will be for the Longitzudes, Latitzdes, Declinations, and Right 

 Aſcenfions of forme of the principal Stars: Thave ſet them down here, | 

" after the Tables of the. Suns. Declination, IT have alſo ſet down the | 

. ſeafons for tlie Stars coming upon the Meridiapat four of the Clock in * 
the:Morning; by which you-may gueſs their other times of coming up- | 
on the Meridian 3 for that'Star that at any time propoſed is upon the 

Meridian at four of the Clock in the morning, will bz upon the Meri- F 
dian at three of the Clock about fifteen days after, and fo about a+ | 

month after, at two.of the Glock; and that's the reaſon 1 ſet their 

| ſeaſons down to them at four of the Clock in the Morning, becauſe you 
will have their ſeafon backward the whole night, they coming ſogner & 
ſooner every night to the Meridian. If you defire to know the time of 

_ a Stars coming to the Meridian tor any day, you may ſubftradt the Right 
Afcention of the Suns that day from the Right Aſcention of the Star 
( adding 24 hours ) the remainder ſheweth how many. hours after 
12 of the Clock at Noon the Star will be upon the Meridian. 

The Right Aſcenſion of the Sun tor any day will be fornd by his 
Declination, and greateli Declination, as I have ſhewed before, Not- 
withſtanding, I have here inſerted a Table of the Suns Right Aſcenſion 
for eyery degree of the Ecliptick, And for Stars near the EquinoQtial, 
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Rules to find the L otitude. FO9g 


or 50 degrees from it, | have ſet down their Longitudes and Latitudes, 
that ſo the Moons place may be diſcovered by her Longitude from any 


CG 


of them, eſpecially in her goth degree z whereby the Longitude at Sex 


*or aſhore, may be nearly found : For the pertormance whereof, 1 have 


ft down the Moons motion.and the beſt way I know.as you will (ee to- 
wards the latter end of this Book. I thall refer you to that.tor farther 
Gatisfaction herein, andiſhall treat now of the Rules and Reaſons fur 
working an Obſervation by the Sun or Star 3 which I am the willing- 
er to demonltrate, becauſe I am fare many work Obſervations, and 
know not the reaſon why they adde or {ubliraQ. 


The Rules, and the Demonſtration of the Rules 
for finding the Latitude by the Suns height from 
the Horizon, or diſtance from the Zenith, by 
the help of the Table of the Suns Declination, 
are as followeth viz. | 


RULE I. 

If the Sun be on. the Meridian South, and have South Declinat i- 
0n, ſubſtraft the Declination from the Complement of the Meri- 
dian-Altitude of the Sun (or the diſtance from the Zenith) the 
Remainder is the Latitude of the place North; but if the Des 
clination exceed the Zenith-diſtance,then ſubftradt it fram the 
Declination, the Remainder is the Latitude South. 


E XAMPLE 1. 


Suppoſe being at Sea, and the Sun being obſerved to be on the Me- 
ridian South 37 deg. 3o' from the Zenith, or-52 deg. 3o' fromsthe 
Horizon, and at the fame time hath 12 deg..oo' Declination South 4 
What is the Latitude ? 


= | m Od. 
Zenith-diſtance of the Sun. 37 30 
Suns Declination South, ſubſtra& 12-00 


The Latitude North 10-20; 


Demons 
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TIO ' Rules to find the Latitude. 


ll 


Demonſtration. 


Fjo. I. ho the Circle. ADBC repreſent the Meridian, A the Zenjy, þ 
> B the Nadir, G D the Horizon then I ſet off 37 gy | 
30' from A the Zenith, to F, and this is the Complement of the Suns} 
 heighth (or diſtance ( at Noon ) of the Sun from the Zenith); tha} 

1 conlidering the declination is Soxth, I ſet off the 12 deg. Northward to 
AX. and draw the Line A A for the EquinoGial : (for the Equinogiy 

- lying 90 degrees from either Pole, muſt needs be to the North of the 
'V Sun when the declination is South.) KL tis the Tropick of Car, 
and HI the Tropick of Capricorn : Hereby will appear plainly the re 
fon of the Rule, why the declinatton muſt be ſubſiraced 3 for it eu? 
holds good, that the EquinoQtial heighth of the Sun from the Horizn # 
is equal to. the Complement of the Latitude, and the diſtance of th 
Sun trom the Leng equal to the Latitude 3 in ſuch caſes as theſe, ml 
the declination beihg South, muſt be further from the Zenith, therchr| 
the Equinoctial mutt be nearer to the Zenith, which is equal to tk} 
Latitude. | ; 


| EXAMPLE. 2. | 
Suppoſe being at Sca, I obſerve the Sun to be on the Meridian SoutÞ 
and 10 deg. oo” diſtant from the Zenith, and the declination beinguÞ 
the ſame time South 20 deg. 3o', What is the Latitude? ; 


abt. A wo Bibi et bit alt... a: OED las a AR 


Abe AE feed? fas 
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M, d, ] 
The Suns declination South 20 3ofi 
The Suns diſtance from the-Zenith South, ſubtract 10 o | 


The Latitude South 10 yoÞ 


Demonſtration. : 


Fig. II. JJ Scheme being projc&ed as before, the Suns decluu} 
| 4 tion being South, and the Sun diſtant 10 degrees Sou 

of the Zenith, 1 draw the parallel of the Suns declination FI, havitÞ 
firſt at 20 deg. 30' Northward,drawn the EquinoGtial Z &, whichliby 
of necethity-10 deg. 3o' to the North of the Zenith 3 and conſequent 
the Poles being 90 degrees diſtant on either fide from the Equinodivf 
the South Pole is 10 deg. 3o' above the Horizon at S, and the Noth 
Pole at N is-ſo much depreſſed under the Horizon at D: fo it is plvh 
tnat the South Pole is clevated 10 deg. 3o' as CS, therefore the Lai 
tude is South, - 
RUP 


Rules to find the Latitude. i1s- 


RULETIL. 


The Sun being on the Meridian, on the South, and the Declination 
being North,adde the Declination to the Zenith-diſtance of the 
- Sun, the ſums the Latitude North. 


EXAMPLE, 


Suppoſe a Ship being at. Sea, the Sun being obſerved on the South; 
on the Meridian 30 deg. 3o' from the Zenith, and the declination be- 
ing then 15 deg. 30' North, What is the Laticude ? © | 


| | 7 OE 
Suns diſtance from the Zenith . 3030 
Suns declination North, to be added 15 30 
Latitude North | 46. oo 


Demonſtration. 


Fio. II. Ben Scheme .it appears, that A F, the Sans diſtance 

S from the Zenith, and F A, the declination, make the 
EquinoCtial-diſtance from the Zenith, which is equal to the Latitude, 
and therefore in this cafe muſt be addcd together. 


RULE III. 

The Sun being on the Meridian, on the North, aud hath North 
Declination, ſubſtract the Zenith-diſtance of the Sun from the 
Zenith, from the Declination, the Remainder is the Latitude 
Ow: but if the Suns diſtance from the Zenith exceeds 
the Declination, then ſubſtra the Declination therefrom, the 
Remainder is the Latitnde Southerly. | 


| EXAMPLE r, 

The declination being 20 deg. 00" North, the diſtance of the Sun 
from the Zenith to the North at Noon 12 deg. 30', What is the La- 
titude ? dQ. .- 

Suns declination North | 20 ©O 
Suns diftance from the Zcnith North, ſubſiract 12 30 


Latitnde North ©7 30 
Demonſirg=- 


TIO Rules to find the Latitude. 


[i 


Demonſtration. 


Fjo. I. By the Circle ADBC repreſent the Meridian, A the Zegjj 
S B the Nadir, C D the Horizon; then I ſet off 37 dy. | 
30' from A the Zenith, to F, and this is the Complement of the Suyf 
heighth (or diſtance ( at Noon ) of the Sun from the Zenith); tha} 
conlidering the declination is Soxth, 1 ſet off the 12 deg. Northward | 
X&, and draw the Line A & for the EquinoGial : (for the EquinogiiF 

- lying 90 degrees from either Pole, muſt needs be to the North of th 
\ Sun when the declination is South.) KL is the Tropick of Can | 


_. and HI the Tropick of Capricorn : Hereby will appear plainly the rk 


fon of the Rule, why the declination muſt be ſubſiracted 3 for it ex 
holds good, that the EquinoQtial heighth of the Sun from the Horizn 
is equal to the Complement of the Latitude, and the diſtance of tk 
Sun trom the mo equal to the Latitude 3 in ſuch cafes as theſe, al 
the declination bethg South, muſt be further from the Zenith, therefir 

the Equinoctial muli be nearer to the Zenith, which is equal tot} 
Latitude. | 


| EXAMPLE. 2. 
Suppoſe being at Sca, I obſerve the Sun to be on the Meridian Sou 


and 10 deg. 00” diſtant from the Zenith, and the declination beingiÞ 
the ſame time South 20 deg. 3o', What is the Latitude? 


m. d.| 
The Suns declination South 20 30 
The Suns diftance from the-Zenith South, ſubſtrack 10 oo | 


The Latitude South 10 5350p 


Demonſtration. 


Fig. II. 2 Pee Scheme being projced as before, the Suns decluuf 
| 4 tion being South, and the Sun diſtant 10 degrees South 
of the Zenith, 1 draw the parallel of the Suns declination FI, havitf 
firſt at 20 deg. 30' Northward,drawn the EquinoGtial 2 Z#, whichlibf 
of necehity-10 deg..30' to the North of the Zenith 3 and conſequenl 
the Poles being 90 degrees diſtant on either ſide from the Equinod : 
the South Pole is 10 deg. 3o' above the Horizon at S, and the Nor 
Pole at N is-fo much depreſſed under the Horizon at D: fo it is plit} 
that the South Pole-is clevatcd 10 deg. 3o' as CS, therefore the WF 

tude 1s South, 1d 
RUF. 


OO ORR 


ing then 15 deg. 30' North, What is the Laticude ? -- 


| The Sun being on the Meridian, on the North, aud'hath North 


Rules to find the Latitude. 


RULETIL 


The Sun being on the Meridian, on the South, and the Declination 
being North,adde the Declination to the Zenith-diſtance of the 
. Sun, the ſumis the Latitude North. 


| EXAMPLE, | 
Suppoſe a Ship being at Sea, the Sun being obſerved on the South; 
on the Meridian-30 deg. 3o' from the Zenith, and the declination be- 


| 6&0 
Suns diſtance from the Zenith 0 36 
Suns declination North, to be added x5 30 

Latitude North 4.6. =_ 


Demonſtration. 


Fio, IIL.DY the Scheme it appears, that A F, the Suns diſtance 

> from the Zenith, and F X, the declination, make the 
EquinoGtial-diftance from the Zenith, which is equal to the Latitude, 
and therefore in this caſe muſt be added together. 


RULE III, 


Declination, ſubſtrait the Zenith-diſtance of the Sun from the 
Zenith, from the Declination, the Remainder is the Latitude 
wot but if the Suns diſtance from the Zenith exceeds 
the Declination, then ſubſtraft the Declination therefrom, the 
Remainder is the Latitnde Southerly. ” 


| EXAMPLE r, 

The declination being 20 deg. 0o' North, the diſtance of the Sun. 
from the Zenith to the North at Noon 12 deg. 30', What is the La- 
titude ? ” 

Suns declination North | 20 OO 
Suns diftance from the Zcnith North, ſubſiract- 12 30 


Latitude North ©7 30 
Demonſlra- 


2 Rules to find the Latitude. 


Demonſtration. ; 


TV He Suns diſtance North from the Zenith is -12 dep, 26/ 
: Fig. LV. which is tobe ſt off accordingly to F, and ahe Jah. 
nation being North, ſet off the declination 20 deg, 00' 'towards the 
South 3 for ſo it ought to be, that the declination parallcl may be on | 
the North of the EquinoGtial : fo it will plainly appear, that the Line | 
AF, the Suns diltance from the Zenith, being'taken from E F the Sang | 
deUination., or diltance from the Equinoctial, mull leave A 2, the di. 
{tance of the Equinc&tial from the Zenith 3 which is equal to the Ly. Þ 
titude. | | 
| E XAMPLE 2, 


The Suns declination bcing, as before, 20 degrees North, and the 
Cann at the time of the obſervation was 40 dep. 15' from the Zenith 
Northward, What is the Latitude ? 


SY | a," 8. 
The diſtance of the Sun from the Zenith North 40 I5 
'The Suns declination North, {ubſtract 20 Oo 


— - > 


:The Latitude South 20 15 


- Demonſtration. 
Fj g. V. He Suns diſtance from the Zenith being 40 deg. 15), | 


L and the declination North, 1 firſt tind the point F, 
ſetting the Zenith-diſtance to the North 3 then-the declination being 
North, 1 ſeit off,- being 20 deg. oo" towards the South, and there is 
the EquinoGial, which 1 tind to be X, which by the-work-F Z being 
ſubfiracted- from AF, leaves A 7, the EquinoQiakdiſtance from the | 
Zenith, -which is cqual to tne-Latitude, Then ſetting off the Polar- 
diſtarice from the Equinoctial 9o degrees, we ſee that the point N, or 
North Pole, is deprefſcd under the Rorizcn at D, and S'the South Pole 
elevated above the Horizon at C, 20 deg. 15'; fothat CS is the Lati- 
tude-or Elevation of the South Pole. , | 
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is the Latitude SoutherLy. IIA: 
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\\Ghppdſe.thoSur declivation.4d1be k& ge\ 5{Sobth nd he 
ni diftance to the North be 29 deg. 45', What is me Latitu NH 
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The Suns declirfitdh\ Soueh>t) 16 þ6 
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tis Vt. 4c Zenith-didviree'P fot off Kotha to ECicheaconfi- 
*Þ - dering tif the ddinationiis: South for ir off-x0- 
wards the North to X the Ty ; beth which, vcd AT aid Þ ur, 
being added together, give the > Ihe tur diſtance from the Zenith 
A F, which is equal to N [Dy \pr $ Sthy Lgtitude, and it is South, - 
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Rules to find the Latitude. 


Demonſtration. 


AF, the Suns dittance from the Zenith, being taken trom E F the Sang 
donation. or diftance trom the Equinoctial, mult leave A Z, the di. 


b BIS 2 ob ate 
wo PR SITY y- 


- Pe Suns diſtance North from the Zenith is 12 deg. 30' | 
which is tobe ſet off accordingly to F, and she declj- | 
nation being North, ſet off the declination 20 deg. 00! towards the |. 
South 3 for fo it ought to be, that the declination parallc] may be on | 
the North of the EquinoCtial : fo it will plainly appear, that the Line | 


{tance of the EquincEtial from the Zenith 3 which 1s cqual to the'Lq. | 


titude. 
EXAMPLE 2, 


The Sans declination bcing, as before, 20 degrees North, and the 
Can at the time of the obſervation was 40 deg. 15' from the Zenith 
Northward, What is the Latitude ? | 

| F; A 
The diſtance of the Sun from the Zenith North 40-75 
The Suns declination North, iubſtract 20-00 


— Ws oy, 


ae Latitude South 20 15 


\ Demonſtration. 


. 7 He Suns diftance from the Zenith being 40 deg. 15/ 
Fig. V. F and the declination North, I ficft tind the oF, 


(etting the Zenith-diltance to the North 3 then-the declination being 
North, 1 ſet it off, being 20 deg. oo' towards the South, and there is 
the EquinoGtial, which 1 hind to be #, which by the work-F Z being 
{ubkixacted from AF, leaves A FX, the EquinoGial-diltance from the 
Zenith, -which is cqual to tne Latitude, Then ſetting off the Polar- 
diſtance from the Equinoctial go degrees, we fee that the point N, or 
North Pole, is depreficd under the Rorizon at D, and S the South Pol 
elevated above the Horizon at C, 20 deg. 15"; fothat CS is the Lati- 
tude or Elevation of the South Pole. | 
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clination, adde the Declination to the Zenith-di ifance, the ſun 


is the Latitude Southerly. 


EXAMPLE. 


Ge the Suri declivation,40: be aehs- 45 ;{.South, and theZ Ze. 
nit diftance to the North be 29 deg. 45', What is the Latitude? . 
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dering that the declination' is South, I ſet it off to+ 
wards the North to /E Ae EquinoGial, both which, viz. AF aud F 2, 
being added together, give the EquinoGtial- diſtance from the Zenith 
A &, which is equal to N D, or @ S the Iatitude, and it is South, be- 
cauſe the South Pole at S is clevated above the Horizon, and N the 
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x the Sun bath 10 _Declinations "phe" Complement of the ieirude 
(or the Suns diſtance from the Zenith) is the Latitude, If 
the Sun be on the Meridiltn "in the South, the Latitude 
North ; | f the Oui be on the Meridian in we North, juhe rd 
" Hutte is South. 
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Ts is ale without a Scheme ; for hon the Sun hath no de- 
cliratiort; then it is in'the Fguinotial 3 and in all the former 
Schetnes? tt appears that the FOI of the Sun 
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the Equinodtial, then the North Pole maſt be above the Horlzon, ard 
Xn the Latitude Northy: \. If the'Sun be in the ZquinoRtial to the 
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$ here the Sun being 10 degrees diſtance from tle 
Fig. vi A EquinoGial, South from A to A, or having '1) | 
degrees South declination, cauferh-the South Pole at S to be elevatel | 
10 degrees above the Horizon at C 3 fo that the Latitude is 1ode- 
grees South:, the ſame withthe- dittance'A Z : ſo that the Sun being 
Ih :the Zeiith, the declination of the Sun is £qual to the Latitude, The | 
like:is to bet ndexliood, if.the declination,were North, 29 ks 
Lofbde be North, AS Is bali, to; be Sorged. 
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t# you F within o% 3x" or Antartick Circles, and obſerve is 
Sun upon the Meridian, under the Pole, adde the Suns dech; | 
uation tothe Com vr Pagry S. of the Altitude ( or diftance from the | 
Zenith) and ſubſlrabthe-ſum _ I 80 Re Nn the remain. | 
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| 3, Deminyſtr ation. 
© 3/19:571-560 21: att 2191H 7 ) 1902, Evi Þ:. A vi 
Fig: VIE. | adding. EF, the dedligation, to F A,the Compies 
ip . ment of-the Altitude, it makes 109 degrees; which 
(.bſtrafted from EAR 180 degrees leaves /E A:cqual to C'S, the 
[ atitude. | _ © 4 
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_ the EquinoGial,ha- | 
ving no Declinati- | 
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grees, leaves the E- 
). leyatiou df the North. 
Pole. | rn dÞ> Spare. 


on, and the Meridi- ? The Meridian- Altitude 
© an-Altitude is ob- taken from 50 dge 
" fearved'on the | NORTH: fide of thee © grees; teavesthe Fle= 
© Meridian, vation of the Soxth 

T2 0. * Pole. 


' o (Wthe Mhridian- Altitude be 1efs than 90 degrees," andthe Sun 
; pp upon the So fide of the Meridian," the Suns. Declination 
< . being taken from the Meridian-Altitude, leaves the height 
of the Equinodial ; which taken from 90 degrees, gives 

- the Latitude North. i Wo ' Do | 
"If the Meridian- Altitude be leſs than go degrees, and+the Sun 
., upon the, South-fide of the. Meridian, adde the Meridian-Al- 
 Hitude and Declination together ; "their ſum'is the height of 
the EquinoGial 3 which taken from 90 degrees, leaves the 
Latitude North. But if the fam of the Declination and Al- 
titude exceed 90 degrees, take 90 degrees therefrom, ' the 

TY remainder is the Latitude . 
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"It the Meridian- Altitude be leſs than 90 degrees, and the Syn 
upon the North-ſideiob therMeridian, adde the Altitude and 
Detunation together, heir ſum is the height of the Equins- 
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If the Meridien: Spa: | leſs than bs oat and the Sun 
the North-ſide of t ian,lubtrad the Declinati 
Wo SAY Re y 6\ rentininder' is the” hah 
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the Lati: de Sonh,” tain af 095 Phage: ri” off 4 
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When the Sun's | - HO Aeprees, 'the Suns "Declinari- 299 
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a fifty 219017 exe ming 

"ff the Meridian- Altitude be obſerved wm the Pole, within the 
boands of the Polar Circles, in ſuch caſe the Sun's Declination muſt be 
taken from 90 degrees, and what remains'is his diſtance fronithe Pole} 
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CHAP. XIX. 


Hope! ty, find the, diftgnca of any, #9, Pages wa the | 


"Terreſtrial Globe, 'by the Plaine "Seale;: : 


L. Two per > which difer in Laiitde one, 70 nt tir F: | 
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- | firaci the leſſer 0 of. the. cater, "the. remainder 1 is the Ons 
. of diſtances - PTR FO jel by 60, gives the di nes 
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ha 64h ; London, and. in.# 
Meridian, and both on the on by of the EquinoQial : "To 
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"> Gangh: 'Bat” 46 fatty be above! yoorgrech, take 90 de- 
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w1ce, he both under the came | 


BUNNY Wt by.the F lain Seals. (HD 17 
hatn 51 FIT z3o', and Tholow 43 deg. both North I atitude; 43 deg: 


(ybſyaQed from $5.1 deg, 3&', leaves © deg, 30' 3 which turn'd into 


miles by miuttiplying the degrees by 60, and" aguing £2: £YETY Minute 
one mile, makes 510 miles for the diltance ot thole two places, 

2. If one, of the places Ave North, ang the other South Latitude, 
—_ To Lu £ ig: a iÞ 9 © oh< + . ” 4 
6 far of thetwo Latitudes is the diſtance, ne 
Example, ' Lontlon hath 51 deg. 3o North, and the. Iſland Triftan 
Decaubi iv the Ethiopick Sea, hath Latitude South 38 eg. the ſum of 


the two Latitudes is Bg deg. 30' 3 Whig =lciplicd by 60, is 5370 


ryiles, and ſach is their dilkance, 
; Ek x ' , "£ WM 


TH. Two places which differ onely in Longitude, to find theif dis 
e fance. v g ' | 4 : 


3, JF:the two- places propoſed, do both lie direMy under the Equi- 


/i& noQial,and fo have no Latitude, then'their differerice of Loygi- 
tude; if 4cfs- thay 180 degrees, is:their diftanee. " Ws 

Example, The Iſland St. Thoms, ard the Iland Swmatra,, lie 
bath hs the EquinoMial,, St. Thoma having Lonyitude 35 deg. 309', 
and Sumatra1 34. deg. '30', their difference is 99 degrees 3 which re- 
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duced into: miles, makes 5940 for their Eittance; 
- 12%//Burif the two places ie not under the EquineQtial, but under 
{ome other! /Paralle}; between either: of the Piles, then proceed totind 
thtiediftance, asfofloweth. - Ee a Lore + 
. Let the two places be Londonand Gipifen ir: Refſia, both Fig. IX. 
in.51 deg, 3o' of North Latitude, and differing in Lon- Of 
eitude 45 dee, FirftigsTake 60 dey. of your Scale of Chords, and with 
that diltance on the point C, deſcribe the C#dl&B L'Q 1, 'and* draw 
the Diameter A C Q. Secondly, { becauſe the places differ in Longi- 
tude 45 deg.) Take 45 deg. out of the Scale, -and ſct them from ZE to 
M, and draw theLine MC. Thirdly, Take 51 deg. 3o' the Latitude 
of both the places out of your Scale, and ſet that diſtance from M to, 
and draw the Line I B perpendicular to MC, Fourthly, Make the 
ditance ZE D <qual to M B, and draw the Line BD, fo thall D B, mca- 
lured upon your Scale of Chords, contain 27 deg. 40'; which reduced: 
into miles, make 1660 for their diſtance, | 
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HH. Two places which differ both in Longj tude and Latirade,t 


© find their diftance. 


Et the two places be London, in North Latitude 51 deg. 30', and | 
Longitude 26 deg. and Hierzſalem in Latitude 31 deg. 40', and | 
gitude 71 deg, Their difference of Longitude is 45 deg. Nay | 
Fo tind their diſtance, Firſt, With 60 degrees of your Chord, de. ! 
Tribe the Circle Z L Q M, as before, and draw the Diameter A C(, | 
Secondly, Set 45 degrees, the difference of Longitude, from Z to Ml | 
and draw G M, Thirdly, Set one of the Latitudes (as that of London) | 
_51.geg..30' from M to I, and draw IB perpendicular to MC. Fourth. | 
ly, Set the'other Latitude 31 deg. 40' from & to L, and draw L Aper. | 
pendicular to EQ. Fifthly, Take the diſtance AB, and et it from 4 | 
to E, . Sixthly, Take the diſtance B I, and ſet it from L to:K, and from | 
LtoH. Laſtly, | The diſtance from K to E, meaſured upon;your Scale, | 
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_ will give you 38 deg. 51' for. the diſtance of the two places 3 which 
converted into miles, is -2331 miles. | | 


This is, when the two places propoſed are both in one and the ſame | 
Henufphere, as in this Example they are, both to- the Northward of | 
the Equino&tial. But if the two places propoſed are ſeated one in the | 
Northern,. and the other in- Southern Hemiſphere, then the: diſtance | 
HE (LH being made equal.,to LK) gives the degrees of diſtance. A | 
if London were one. place in North Latitude 51 deg. 30', and! anotha þ 
e were in South Latitude '31 deg. 40', differing in Longitude 45 | 
,A HE the diſtance being meaſured upon your Scale, at twice (be- | 
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cauſe.it is longer than the Scale ) will give yog.96 deg. for their di- | 


Aance, which4s-$760 miles. 
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for theſe following Leap-years, viv. 135} 
LPs 1 | —— A gr: 
_| 1692, Offober, 1696, November. pa December, 
v4 , | | So MEPs toe] 
FP; © Þccl,© place] © Decl.|© place. | S. D-cl.| © place. 
ds mi. \les mi, de. mide mi. de. mi. dr. mi. 
iy EL $0” | mM | $-. 
1 O07 26118 56 T7. 4/119 35 123 $20 20 
2Jo7 4519 56 1s 0321 oc} 23, -13121 27] 
los 1120+ 55' Is 19ſ22 oc 23 17/22 2d 
a4o8 33j21 55 19” 34]23 Ol} 23 20123 3c 
5108 55122 551 [15 $024 91 [23_ 23/24 31 
6J0g 17123 54 Is O45. O2 23 25]25 32 
729 39 24 54 9 I9 26 O31]. 23 27 26 33] 
$[10 01/25 54 i9 3327 04 23 29]27 34| 
cj10 23126 54 I9 47]28 og 23 2928 36| 
ichio 45127 54 <0. CO29 ..95 143_ 3929-37] 
Iihts ©6j:8 54 20 .14]% os 23 z3o[ E-K- 
1211 27[29 53 20 26101 ©; 23 29jot 365} 
([13]C1 48M 53 20 39g]o2 Od [23 2 $102 ; 4Of 
Itght2 ogfot 52 20 5103 os 1z3 2703 ' 42 
Ns 202: 53 {21 ©2104 Og 123 25104 49] 
I6|I2  5oſo3 54 [21 73ſ05 1of 23 23[05 44, 
r7þ13 11104 54 21 246 11] 23 2006 4z45| 
1113 3105 54 21 34/07 12] [23 16Þ7 af 
Is}13 51106 54 21 44jo8 13| [23 13f08 48 
2c[14 'To|07 54 21 54jog 14 23 ob]o9 49 
21[14 3c|os 54 22 ozho 15| 23 oaſtio Fol 
122][14 45j09 55 22 12/11 16 122 5b[1T 51 
23115 objio 55 22. --20(12----17 22 52112 53} 
24415 27] 55} 22 28|13 18] 22 47113 54 
25515 45112 55] [22 35114 1 [22 4oſi4 5h 
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27116 21þ14 56 22 4g|16 22 22 26 16 5$þ 
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[The Longitude, Latitude, Right Aſcenſion, and Dechivation ofl | 
| certain fixed Stars between the Equirio@jal and 5 © deg. of | 
 Declination;fromit ; 5 With their Magyitudes and* Seaſons, | | 


z| Long. Latit. [R. Afc4 | Decli.| 
Te Their Names, de. mis mis IE m7 ide. Sl Me Fm. Salon | 
2 [The Whales Tail ©, [X27 48]S 20 47/06 398119 52 Fun | 
| 2 [{nthe Girdle of Andr.\/J25 411]N25 59112 42 33 52/Fuly2; [ 
3 [ln the Whales Back FELT 5: : Þ BY 
" the Weſt Ylo7 031S [16:55]13 I7JS 12 43 July:4 1 
It 3jſn the Whales Back | | LE [ 
| [ij the Eaſt YIIT 34] 15 46116 5iſ8 09 55 Fulyr) | 
| | 3 [ſn the Whales Belly |y17 17] [20 19123 45]S]LL 57,4. 1 | 
! 13 |[n the Rams! Horn theſ To 0 TE Fei © Þ1 | 
: | \farſt LY y 12S :291No7' 08 23 \47]N|17 36 Aug, 4 1 
| 1-2 |{n; the Soul Foot of | 4: | | [1.14 | IF 
'N | Andromida is o9 311N;27 465/25 SHNI40 41'4up, 6 | 
i 3 |[n the Rams Head ' \-Jo2 58No9: 57/27 05 N21 51\4up. * 
| [i | 3 [Perfin's right Shoulder|z; 25 18N34 30440 O9|N[5 2 © 09 Au, 21 
{2 ]Briceſt in Whales Jaw{y[og 39S 12/37]41 I3|S |o2. 45 Ama | 
43 Maduſa's Head [> [21 29N 22 22141 33]N[39 = Au," « | 
| 2 [Perſn's right Side _[[27- 09N30: 05/44 51]Nſ48 334m |þ 
| 3 {Brighteſt of the Pliadesh[25 16No4 ocl51 52]N[23 OISepr. j| þ 
| 1 J]Bulls Eye, 4ldeboron! [rj[65; 04'S [05 : 31164 ,10]N[15: 461Sep, 17] | 
| I j\-0at or Waggoner (D 17 O8N 22 50173 |17]NI4.3 36|Sep. 2 | 
11 ]'n Orzn's left Foot : [m2 09S 31. 11174!37]S 08.38 DA / | 
42 Waggoners right Foot[n 17 52Nos! 2176; (15]N'28| 15|Sep3d 
| 2 {Orion's left, Shoulder | [$16 156 10! 53176 '45|N'05; 55|0%ob.1] | 
! of at inhisGirdle {n{17 43(3:23: 35178 :46]8'o0 3810. 
\ Second in his Girdle [nj18 46 5 24 33179 4$]S o1. 20 0.4 þ 
} 'Thitd in his Girdle [7}19 5ejS 25 21]50 57]S '02 15/OGþ.5 | 
TJ |Wagg. right.Shoulderſmgſ25 20]N21 25183 53]N'44 5 1 |Ofob.t 
4 (Orion's right Shoulde|q|24 04S 16. 06]84 16]N 07 1700.5 | 
| [Great Dogs Fore-foor +102. 34S 41: 18]92 0315 [17 490817] | 
| lin the bright Foot | | | | | | | | ©! | 
| che Twins [moutl = Jo4 23 06 45194 33]N!16 38'04. 19] | 
1The great Gog in hi:|sjog 25] '39' 3clg7 35 S'16 15/00 22] | 
] - }lo the upper Head of] | | 1 
; 4# ih the Twins: .+S}IlH 331N.10 O2 1083 15N;2 34'Now. 2 
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| D C | 
F- The Longitude, Latitude, Right Aſcenſion, and Declination of | 
| certain fixed Stars between the Equinoctial and 5 o deg. of 
Declination from it ; with their Magnitades and Seaſons. | 


= —_— | 
= ; | |Longit. Latit. 'R, Aſce I Decli 
|>] Their Namcec. « |, Alce,| | Decli, 
jo FOeg a mi.| de. mide. mi |de. = |Scaſons, 
[2 {The leffer Dog |S]21 10j>|15 5 Tags vg penn 
{| 2 [ln the lower hcad = q:-” 3;Nj00 03/Novem 4, 
+ LEST 118  35Nos 38/111 10|N[28 47 /Noem.s| 
| |Hidray's cart * ale> 358/22 241137 47867 ryNw. 5, 
{1 Lions Heart {N25 ogNoo 261147 261N -, > ak 30 
i pl Lions Neck ql 24 51 V.o8 47/150 15 N a " —__ Oi 
2 [Lions Back —@ | X06 323Nt4 20/164 oolN(22 + ps 
 7pJons 228 M16 *55N12 18172 50[N|16 23D KG 
1x [driurs Ip 7 > 109 Fan, 23 
3 9 31jN3rx 22j2I0 15|\ſ21 19iFeb, 6 
> {South Balance mlio 22N, | | ; 
3]N,o0 26/218 0618 [4 Pe, 
2 {North Balance |mj14 4oNo8 351224 45k Ne: af y.. "LA 
» ſn theGrown the] | | | O4'Feb., 21 
- | brighteſt Im|o7 2oN 
| 1 Scorpion's Heart | 7 o - T's i os js z/ + Feb, 27 
3 [[nOphincbus right] | 25 34Mare, 12] 
foot [ VN ; | 
1 |ln the Harp, FO by hes 195. Y *34 IN PO os oe 
brighteli vw[1I0: N's 
[2 Eagles Heart, a-! 3561 48/275 24] 128 32'dpril 18 
i lias Vultures {wj27 oL1N2 | | 
. : _ N29 221293 35 08 02 Ma 6 
3 [Dolphins Tail jo 3; May ©} 
2 ſn the Gris 9 Bs OB 3ZOd4 15 IO I 3 May 17] 
Tail | 7 
2 Water powers 4 \kf " NS9 571307 31]N/44 07 May 20 
Leg 'E beg O 0: FIR £ ; 
| js OE 10839 10807. 37 Jaw 26 
| 2 |In Pegaſis Leg {24 42}N}z1 0$ 339 3 k 31 20 June 2c 
; | 2 [Pegaſus Shouldet x18 4$| : 41 541Nj20 19 June 22 
18; 2 | l he Head of An- | 19 > bo | | | 
| } dromida | y 109 A. > 3.6. al N I 3 2; Ne 25. 
2] | '2\[helaſt in Peg - 7072... 421397 471V.17 15 Jily S] 
"| | ſus Wh | | | 
fa | F-1: we: $4 O4 3o\ I'2 353 59 o31N\1; 1S\7uly c| 
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Hy 3 
The Right A ſcenſion, Declination, and Diftancd 
from "the North Pole, of ſeveral Stars; with| | 
their Seaſons for obſervation. | 
Us R. Alice,| Decli- Dittanc. | 6 "ie 
'» The Names of the Stars. | Told p10 gl >eadons, | 
Fn the Breali of Caſſopeia O05 29, Fuly 16 16] | 
TThe North Star O08 © [July ff Þ 
in the Hip of Caſſiopeis : 009 I61]5 fuly Ig] Þ 
In Caſſ fopeia s: knee 016 05 [July 24 | 
in Caſſiopeia's Leg 022 43 Auguſt 1 | 
IIn Perſin's right Shoulder 040 O9 Auguſt 20 | 
[ln the great Bears Side 160 09 Decemb. 2c 
JIn the great Bears Back 160 37 Decemb, 20] | 
Jln the great Bears Thigh 173 52 Fanuary 1| | 
jſn Dragons Tail the laſt but one|175 56 fanuary .|| | 
Jln the great Bears Rump 179 37] | Zanuary | Þþ 
1Between her Tail and the Loins|1'S88 58 Fannary 1d | 
IFirſt in the great Bears Tail 189 41 I o| Fanzary 10 | 
TThe middlemoſt in her Tall I97 ZO F anuary 24 . 
{ln the end of her Tail 203 ZO 571 Fanuary30 | 
{ln the bending 'of Dragons Tailſ2o09 34 Febr. | 
{The forcmott Gourd 222 4517! 22|Febr, 1 
{The hindermoſit Gourd 231" 09 42|Febr. 0 
iln Dragons Head foremoſi 2:60 44 25]4pril | 
flo Draguns Head hindermoſt [267 12 23|April 5 
fn Cepheus Girdte 311 O2 59|Frme 
Jin his l:te Foot 333-53 16|Fune 1 
[ſn the Backof Caſſiopeia's Gheari357 | 54 42\Fuly 3 
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A Table of the Suns Right Aſcenſion for every 
| Degree of the Ecliptick. 
= | HEH EN Wes 
EE] 1 "Th 5 0-0-4 
| 8 
"ojo ol2z7 54157 48{ 90 C122 T2j152 © 
 xþ © $512% $1158 51:91 $1123" 141153. 3 
7 2]|.1 $029 4559 531 92 111124 161154 E.---} 
 3| 2: 45j30 46j60. 56; 93 161125 Ight54 FS |} 
4\ 3 4031 44j6t_ 59| 94 221126 1155 54 
5| 4 35132 42153 2] 05271127 22115651 
Ei 6| 5 3033 4<[64 6| 96 321128 241157 48 
| 7] . 25334 3$1655 £|97 381129 251158 44. | 
: 817 21135 37166 13] 98 . 43j130 26{159 40 
| 9} 8 - 16136 - 36167 17] 99 40j131 271160 37 | 
| 10] 9 11137 34168 2100 531132 28[16T 33 
; 11]lo _ 6138 3316g 25jrot 5381133 281162 29 
| | 12|l7 1139 33j7o0 291103 31134 29163 25 
q  13|11 57140 32/7 34104 ©o[135 29j164 20 
| |}. 14112 $2]41 31/72 3505. 131136 © 2gff65 : 16 || 
hk | 751'3 4842 31173 431106 17}137 291166 12 1 
q x6 [14 44143 31174 471107 221138 291167 7 
FF | 17515 40/44 31175 $52jt08 261139 281163 3 
if | 28|16 35/45 31/76 570g 31j14o 271168 «8 | 
| | 19117 - 31140 3279 © 4110... 35141 291169- 54: 
(l 20118 2747 32179 712 39442 261170 49 
| | 221j1'9 23148 33]80 12112 431143 241171 44. 
il 22120 20149 3481 171113 47j144 231172 39 | 
| 2312 r61Fo 35182 221114. 511145 221173 35 | 
| 24122 12157 36153 281115 541146 211174 30 | 
| 25123 $9]Þ2> 3584 33[11s 571147 18175 25 | 
26 [24 6153 40J85 -3-1N08- 11148 16 176 20 | 
22125. 254 4286 449 4qji49 14177 15 ;| 
29125 59135 44]87 a4gjiz2o 750 21178 10 {| 
9475 3935... 4088 55/122... 5\152  ojt79 1 5. 
| j1_30127 54 | 2 5 
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1A Table of the Suns Right Aſcenſion for every | 
Degree of the Ecliptick. 4 
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1.4 Table of the 7 

o_ f __—_ abedng Dcoien/ hr or under the P ole upon 

very ing of the foremoſt Guard from it. 
- oints of the[F or INE Lure” oh EY 
Compaſs | molt Guard. OA LIE Bed EO LIN 
Wb e _ Jo 15 The ſe of this Table. 

qW [0.44 FTE 

Weſk  _ Dmit 1 obſerve the 
le hal -FL 36 B me when it is a NN Ein 
IN W by W [2 14-/ & | p. - Þ deg. 29; this 2 deg. 29' muſt 
NWb <br 2; Stir t rrang from the Altitude of the 
N N W 2 p _ Fain _ vr Jour Staff, and the re- 
N by W 2.29 - B- Star pa b by NY OT the 

- en = |. the Pole, by ſe TOS, or Mgr than 
NEE 2 09 > Þ:-: I DH wh 9,009. as in the Table. 
N N F Sq ay under th Pot IVE Ne thy Ren By i 
N Eby N ® 29 ©. | Yook,a if We. 9p00.S: SS E Gward , I 
a y 62.5 yy __ nd it is under the Pole 2 deg. 
SELF 2 35 be A _ than the Poles Elevation 
VN Eby 2:06 1 8 uch : therefore I muſt adde it 
NE o a "2 2 4 Altitude taken, and it gives the 
& by N 0.35 _ The like is to be underſtood 
” B48 ea Pome Big ba Be Bf nap 
ESE $ + 4-0 obſ a e they are the beſt times 
: 2 on 2 | q erving the Star, in regard of its 
SE byE-: jz 26 2 | _ _—_ of deſcent at thoſe times : 
IE by S 4 | the Soloiplt honey has ts ©] 

2 Zo 8&8 agg Þ DR polrit amiſs, it wi 

- dA 2 29 .& | " ny {cnlible errour, the Dedioarional- 

yE 2 22 D. "1 but 1 in a whole point. 
-” xn aol. rims, _—_— OE 
$5.2. 1:34 » P| Adobt tar, and Guard,to be both of an 
IW ry | 0 Fl. Fatt or RG (me. TRIP 26.90 
| atd. 15 much of 
$ W by W | 9 ” | the Ule of theſe Po _— ls 


CHAP. 


:442 To find the Prime, the Epadi, &c. 


Lt 


CH A Fs &. | 
To find the Prime, the Epad, the Moons Age, &, 


I. 7o find the Prime or Golden Number. 


ip -He Prime ſignifies 19 years, in which time the Moon make i 
bad 4 | her Revolutions and Aſpects with the Sun, and is returned; 
the'fame place in the Zodiack that ſhe was 19 years before. 

To find it, adde 1 to the year of our Lord, and that ſum 
divide by.19, the remainder of the diviſion is the Prime 
. that yeals ---- Wa ES (1 


To 
[4 -v 


"Eximple for the Tear tots. Sore 
x&$5(j 
Adde 1 to the year, and”? tis 1685 : | ch Jivide by rgg | 


129, leaves for the Prime 13, which is the remainder of the x 
diviſion. | 


= (3,292 4 * 4} 2. hehe Fpatk. 


IE is the difference that is made in a year between the 
- and Moons Revolution 3. and *tis thus found : 


| See what the Golden Number is that year, and divide it by thit 
Noy for every unite that is left of the diviſion, count 10, and addi 
to the Prime, if the number. exceed 3O,| the, Epad is what it is/abot 


393. if it bejuſt 30, the Preme and Epati;that year are both Obie kl! 
be 1:(s than 3o, the number. it (elf | is the Foes. 


Example, - 


Let the, Prime. be.as before, ( for the year 1684,). 13 1 \ 0 
4Uivide.it.by.3, and the remainder of the diviſion is 1 : this: .: 13 


call 10; and adde it to the-Prime 13, i makes 2 3 the E- / 
$40 that years 


 . To;find the Moons Age, and High Water, 143 


3. To find the Moons Age. 


Dde the day of the month, the months from March ( counting 
\ March one ) and the'Epadf for the year , all three together, 
and the ſum is the Moons Age, if it be leſs than 30 3 but if it be more 
than 30, calt away 3O, and the remainder is the Moons Age, Onely 
obſerve to tcll the months from March, thus: for March 1, April 2, 
May 3, June 4, Fuly 5, Auguſt 6, September 7, Ofiober 8, November 9, 

December 10, January 11, February 12. | 


Example. 


Let it be required to know the Moons Age the 20th of 13 
Septem. 1684; 1 adde the Epadt 13,and 7 for the months 07 
from March, and 20 the day of the month together, and 20 
it makes 40 , from which I take Zo, and the remainder is 
the Moons Age that day, namely 10 days old. a 

| Kyou would know when it is Fzll Moon.it is what her Age wants of 
15 3 and for her Change, what,her Age wants of 30. 


4. To fud the time of High Water, by the Moons Age. 


AW it be certainly known, that at a place it flows at 6 of the 
Clock at Full and Change, I demand what time 'tis Full Sea 
when the Moon is 7 days old. nb 


- 


Example 1, 


Multiply the Moons Age by.4, and that pro- #7 (3 fag 
duct divide by 5, and the quotion ſhall be the 4 LS 
hours, the :rcmainder of the diviſion the mi- 
nutes attex 6 of the Clock in the morning, that 25 
tis Full Sea, In this caſe it is 5 hours and }. 

of an nour, or 36 minutes. I fay then, that when the Moon 1s 7 
days old, it lows 5 ho. 36' later than 6 of the Clock, which is 11 of 


tne Clock 36 minutes, 


o 
Fam hd? 


144 To fndthetioe of High Water or Full Sea 
Ss Eramphen, >»! 


Admit the Moon” Were 14 days old,'I demand'the time of Fult'S, | 
I multiply and divide; and the quotion is 11 ho. 12'3 which I add; | 
to. 6 ho. and it makes*17 ho. 12' 3 from which if you take 12 hour, | 
the remainder is the hour of High Water in the afternoon, whichis 51 | 
Cleck 12... | . | 


Example 3. 


| If the Moon were 15 days old, I multiply and divide, and find ty 
quotion is 12, and the remainder.is 00 3 from whence I conclude'j 
High Water at 6 of the Clock, and that it is a full Mopn' Now aft 
that time of her Fl, you may reje&' 15 days of her Age, and ren 
her Age above the Full, as though it were her Ape indeed. = 


Example 4+ 


Admit the Moon were 19 days old; I'multiply and divide, andik | 
guotjon and remainder is 15 ho. 12/3 which adde to 6 .hours, gin 
9 of the Clock 12' for High Tater;, tn the; afternqon or morning | 
C There may be 22' or thereabouts, 'added for the afternoon Tyde, 
cauſe of the diſtance of time.) But now I fay, if in this Example jul 
had negleGed the 15 days ef the Moons Age, and multiplied 4 by4| 
it would have been 163 and that product Jivided by 5, would hat 
been 3 ho. and 12'3 which added to 6 hours, is the morning Tyd | 
9 of the Clock 12/. : 


5. To find what year it is from Leap-year. 


TE the year of our Lord'by four, and the remainder of the&} 
viſion is Leap-year 3 or if you neglt& the thonſatid, and if} 
hundreds, and the ſcores, and divide the remainder which is undeiiþ 
ſcore, it gives the ſame thing. To | | 


Exantil 


To pre Yhe Dominical Letter, 145 


: Example I» 


"What: year from Leap-year is 1684? Here, if 1 


| . . * (0 : 
1: divide 1684 by 4, the remainder is 03 andifIdi- r&8 (42, 
N : _ : by : oh negle& the ſcores and all above 444 


s} jt ). the remainder 1s © : ſo that from hence I con- (0 
i .cude this year 1684 is Leap- year. | 4 (1 
Example 2. 
t year from Leap-year, is 1686? I divide 6. (2 
le pe" remainder of the diviſion is 2 : from #cr 
is whence 1 conclude, it's the ſecond year from Leap- , 4 
te Years | RD . eat af | 
y 6. To find the Dominical Letter for 1684. 
A Dde the year of our Ladd — &&' 1684 
A And one fourth of 1684, which is 0421 
, | And 4, together 0004. 
6 y The fam is PEE 6p 2109 
| 
* Dividethat ſum by 7, and note the-remainder of (2 


uk thediviſion, which here is 2 : ſubſiraft it from7, zr#g (3or 
b| andthe remainder is 5. I fay then the Dominical >> * 
Ny Letter is the fifth Letter in the Alphabet, namely E, 

t.Þ forthe year 1684. NE 


—— 
A ——. 


_—_— 


| Wi I was a Youth of about fifteen years of age, I went to Seca 
6 under the command of Captain Kempthorne of New England 3 
i} and after ſome hardſhip, and about eight months time ſpent on that 
"on Voyage, we loſt our (hip at St. Antonies Cone of the Cape de Verde 
{ Hands ) and to tell what we-endured then, would be too long a di- 

| greſſion : but to be ſhort, we built a Boat out of the pieces of the 
' lhip that drove alhore, and went over to St. Vincent ( an Iſland theres 
by ) where was ſome Bandeded Portugals, Roman Catholicks in, their 
Perſwalion, and it being Sunday, - they had a Kid a roſtivg, 3 -but *” 

V IEIE) i 


! 1 


146 To find theifinflofl Natl G7. 
had loſt a day, and counted it Saturday, and thought we (ſhould hay 
had the Kid, becauſe it was their fifth\day, but found the contrary, 
and by them were, ſatisfied that it.was Sznday, or elſe had gone toe, | 
in our Boat and miſſed Barbadbes '( for ovight Þ know!) 3:but we' pre 
ceeded in A epipl and arrived ih our Boar very fafe;fifteen Sou 
of us, ( Gods Natne be praiſed. ) Now 'this is Argument erſough y | 
me to ſet 'down the following Rules 1 to find the day = the Month, - | 


And 1: To find what day of the Week the -firſt if March fal 
on, my Father comprized theſe } Verſes. 


Some of the Tear, one forth _ 2200, 
Divide by ſeven, the ref count you. 


From Sun to the frſt of March, including | "_ 


3 
; i & ID 


"Bo Example Amo 5684, DT 


The ſum of the. year.is 2684 

The one forth part'of it is © © © 421 

To which adde 004; 
vs The ſum is © S107. ': 


Which fm divde by y, there rematins' oof the Jvlbon in 
whence. I conclude, that this year the firſt 'day of * l 
March is of a Saturday. If the remainder of the di- "(0 - þ 
viſion had been 1; 1 would have counted it Smnda\ y 3 2x07 (56 | 
if 2, Munday 3 it 3, Tweſday 3 if 4; Wedneſday; if 5; © © 1p37: - 
Thurſday it 6, Friday, i 7 or ©, SN: 


WW ww gy eo upp y a as <P oogs WY nw co 


2, Exanpl I 58 So 


The ſum of the year Is on 07-6 apbBknH* 
The 3 of that ſum is /' -- + WR 

| 'To which adde $12 hy SPOGS Bc; 1 0at DIR 

6.3: SITS 210.5 oe 2-356 cit 17 rope 

| 2 Swn-:fts 5: 452 Rh0S 


Which ſum divided: by 7, Jaws TI, remaining Ca: 
part of the-diviſion to be 1 : from. whence. I conclude ES IR (30 
the firſt day of-Mareh' willibe "of. & Syodax RENE | 777 | 
Tear 1685, / Sean 


\f | 
on 


dh, | 


hut Y 'of the week will be the fuſe F March. 147 


Sendly, 7 0 find which of the firſt ſeven do; "y DP minth 7 is 
that day of the week with the firſt of March. 


'For the alc of memory, my Father comprized' this ics 


» k s 
S : BW 
| 1 q 
. 
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An "a comes oratefal © ever bleſt, | 
From Death and Fears contagious Gueſt, 


RAR & \ o\'\ þ : . S . "= _ 
4 - \S SY 
45% ; , - &"& | 
by hah Re =O =. 
| "IR IE Os D. N23 
{{ «< *' > : Y i& *J VS 
SS 58,4 Bib eb Bb fie + 
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Theſe ke: eds Fenific wm in | tick fir pavers ) ry num- 
bers of the twetve Months of the Tear, beginning with' March. (A) 
then being! the firſt letter iti the Alvhaber: gn the firlt-of March 3 
(E)the fifth letter; i Ggnifics the:5th of 'Aprith :( Ci the third! letter, 
ſignifies the third of May (G) the ſeventh lotter, ge 0: che 7th 'of 
Jmme:':andi{o proceed} a with *allthe teſt; Now cle days of.cach 
month are all the ſame week-day that the firſt off March is: As, if the 
the firſt of March be Sznday, then the 5th of April is Sunday, and ſo is 
Re thixd ot May, -and the 7th of Tune, and the 5th of Fuly, and the 
iy df An; ga(t, and the 6th of Fe ptember, and. the 4th'of Ofober,and 
he BA BE Ne: etrbey  Yhd'the 6 WY Dobuiben,” and the third of Fanu- 
bo and theriho F Arad'r" "Or \f "i186" firſt "of: March had beefy" ny 
WS: of the week; thevreſt would:have been: the' ſame: TE of the 
WEEK, ©*co 


"3k. % * 


ng Te 1s ih hs ol whelhes Ht hr, Na” third, or 
fart #- demand tbe day of, the month. | Ds: 


0009: ets POP "23 6 by © © 02 hy Wl RD? S650 
xample. inet - 


Suppoſe ing : fopnth week | In June 1684.1 would know what Jay of 
the mont:. ,.unday is, FE Firſt 


| | T7 ol 
148 What day of the week will be the farſt of March, | 
Firſt, find the firſt of March this year, as hath been ſhewed. 
The remaining part of the diviſion is o, - © 
therefore, according to the Rule, the firlt of . 1654. 
March was of a Saturday. ' And by the pre- 421 
ceding Diſtick, the 7th of Fune was of a Sa-- 2 ZY@7F(3q 
1#rday; *and then mult the next Saturday C44 MN 
be the 14th ( for the ſecond week in Frne) ©7107 
and the 21th of a Satzrday for the third _. h 
week, and the 28th of a Saturday for the fourth week; ( to whiz 
adde Sunday and Mungay, which is two days ) and it makes My, | 
dayin the fourth week in June to be on-the- Zoth day : The like@Þ 
any day elſe, 7 oi adftt 
It may fall out, that a man is to ſeek, what week it is of @ month, who | 
the firſt, ſecond, third, or fourth, and yet he may know what day of 
week it is tro + But .now in this caſe, how ſhall a man'do to know wh Þ 
day of the month that day of the week is ? .* 
For this ( the beſt way that I know ) is to help himſelf by tf 
Moons Age, it he. can conjecture what age (he is. within a few day;f 
which he may do ſome way or other, either by her bigneſs, or herks | 
lowing the Sun upon her:increaling, or rifing after. the:Sun upontaÞ 
decrealing': ot;if a.man be-alhore, he-may gueſs.within a few daysth | 
age of the: Moon: by the: Tydes.::.\ SAT 641 Mio bid 5 wall 
:.» This-premiſcd, that we may guels at; the Mbons.age within:a fer } 
days, we'll ſtate the Queſiion.. Bog, on ons | 


Fourthly, Admit upon a certain Munday in July 16844, 7 wiill | 
« Know the, day of the month, \ but. know. not what week of tk | 
,-. month this Munday i, whether the firſt, ſecond, third gr fourth | 
| and ſo not whether it be at the beginning, middle, or end | 


of tt. ©: | 


ÞþY% the. reſolving this doubt, I: look. upon the Moon ( if at Sa 
where I. cannot ſee the time of the Tyde ) anJ I find (he is i 
creaſing not far from the Sun, ror very nar him! and' therefore Vl | 
gueſs the Moon to be feven days old, and the Epad this year is 24, | 
and Zuly being the fifth month, I adde theſe two together, ( name) 
the Epad and the month from March ) and they make 28; to which | 
. It you adde the fuppoſed Moons age ſeven days, it makes 35 Ger 
phpmpg=y - which 
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| which ſubſtra& 3o ( becauſe it's above a whole Moon ) the remain- 


der is 5 tor the day of the month; but by the Diſtick the 5th day of 

aly fhould be of -a Saturday, and therefore Mwnday being two days 
after it, is the 7th day of the month. This, when your Epad and 
months from March be more than the ſuppoſed Moons Age. 


— 


L—_—— 


CHAP. XXL 


How to Extra& the Square and Cube Roots of any 
number, both by Arithmetick,, and by the Table 
of Logarithms at the end of this Book, 


I. Of the Extraftion of the Square Root. 


He Square of any number is that number multiplicd by it ſelf 
| as 4-multiplied by it (elf is 16 ( the Square of 4 )z and the 
| Root of any number is. the rumber it (elf, as here 4 is the - 

Root of 16, And it is recquilite that the young Sea-man or Gunner 


ſhould readily know the Squares of all the nine Digits 3 which this 
Table ſheweth. : 


Wn +4 £34847 IB. x 
Square. I: 4: 9-16: 25. 36 49 - 64 vr 


Example 1, 


Admit T would Extrad the Square Root of 4.096. 


I ſet my number down, and'draw a crooked Line 
for a Quotient, as you ſee here in the Margen, and 
prick the firſt figure from the Quotient, and every o- 499 6( 
ther. Now ſo many figures as there is pricks, will * * 
be the number of figures contained in the root of the 
given number, 

My ſum being thus fitted, I ask what is the great- 
eſt Root in the thirſt Square 40, and I conſider 6 is the 
nearcſi.leſs. for 6 times 6 is 36: ( note, always to 

take 


e 
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take the neareſtlefs.)' Set Gin the Quotient, FOIA 
and 6 upon the prick, and ſay, ( asin com. +. 4£96(6 - 
mon Diviſion ) 6 times 6 is 36 from 40, and .. ' & ©... 
the remainder is 4 daſh as yougo, and the. Wy 
ſum will ftand"thus. S 

= -. This done, double the Quotient fora new 4296(6. 

| Diviſor, and'theſurm fands this. TT [i 7 Mogi 

| Then ( as in common Diviſion ) ask how I 

| many times 1 you can-have;in 4 ( but take” * » 

i this care that you take no more times than 

[| - that:ſo'takeri and; ſec gpon the next prick, ©". | (9. ; 

i and ;multiplicd in it {t, {as well as the'oe .. Fe (CB 

| thers by it ) will be taken out of the remain - ## 98 ”" 

| ing Divilor : ) and with this caution, do as : - - NEAR. 14 

1 in common Diviſion, and your ſum is done, WT 

| and ſtands thus 64 being, | the Root, andno-..''-. +. 7 

| thing. remains, TI wg 

Example 2. | FREE 54, $$ on 

| Admit T wottld extradt the Square Root "EO 5:2, HG 

| 37587 RE > AE PRI 

| 90, 

| 2 

| Firſt I ſet it in order, and procecd in the >, 7 - 193 

t Tame manner as in the laſt Example, and the x2 98 F 19J 

Þ Root is 193, and a part of a unite above but Þ. 

: 2 
if you would prove whether this Root be ex- | «79 

| tracted true, multiply the 2wotient in it felf, 17378 

l. and adde in the remainder of the Diviſion, 1933 

ii .and the Product will be the Dividend, as you | 3 

may {ee in the: Margens” AITA Side Yan 

} It you would extract the ſame Root to ___, | 37587; _!! 
the tenth part of a' unite, *tis but adding two (24 +140 
Cyphers to the Diviſor, with a little dath hee - F (5 


tween, and the Root will be as in the Mar- - - 38.9 
' gen, 193,95 that is, 193 and 8 tenths ofa @&XF 34(5:- 
unite, If you would have it done to the 29 448 2(6 
Hundreth part of a unite, you-malt' adde four o 4:10 
Cyphers, and ſo you may come infinitely. FZ.9S 7, o & (1930 | 
Near, though not cxaGtly to be-done without P2993 3688. : | 
tome fraction, by the learnedft man living 3 7 8 


and | 
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and fuch. numbers as will ngt be extracted without leaving a remain- 
der, are” therefore called Szrd numbers.; Thus much ,for the Square 


& Il. The Extradlion of the Cube-root. 


#qFg*The Cube of any number is that number multiplied in'itſelf,” and 
|: "that Product muktiplicd by the fame again. Thus ; the -Squar 
of 4 is 16 3 multiply 16 by 4, and it produceth 64, which is. the Czbe 
of 4: fo 415. the Gube-root of 64; +Thelike is to be underſtood of 
any number;clfc. But-before you go-forward, it will be convenient 
that you have the table of the Cube of every number, from '1'to 9, by 
heart 3 and therefore 1 have here inſerted them. | 


:TheCube.of x is o1Jf The Cubeof 6 is 226 
The Cube of 2 is | o8f '\The Gubeof - 7 is 343- 

The. Cybe of 3 is © 27 >< TheCubeof 8 is 512< _ 

The Gybe of '4 is 64  'YEhe Cube of 9 1s 729 
The Cube of 5 is 125 Rk : 


| EO PR  , . » | 
—  fdmit I would extraf} the Cubc-root off thi number 157464. | 


Firſt you are to underſtand that as you-prick every ſecond figure 
when you-extradt the Square Root, fo you mult prick cvery third figure 
to extract the Cube-root of a number, thus: 157454 ( And as many 
pricks as there is under the given number, ſo many figures will be in 
the Cube-root. of your number, ( as mn this caſe two, fhigures.)) ' 

But to proceed : Having ſet my ſum” in'arder 
thus, and having the preceding, Table by heart, 'l 
demand the greateſt Cube in.the firlt Cube-num- 157464 (5 
ber 157, and l find the greateſt (leſs) is 5: I fet INT 
Y in the Quotient, and cube it, and it makes 125, 125 | 
Sft.125, 45 in. the Margen, and fubſtract it from” "oo 
157, and the roaindlt is 32 3 to which carry 32404. 1e/a/vead. 
| down your next Cube 464, and the number will | et 
| Qandihus, 32454 3 which I call the Reſolvend... 


nd | 
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Then ſquare the Quotient, and treble that 
Square, and it makes 75 3 alſo treble the Quotient, 
and it makes 15 3 ſet them down as in the Mar- 
gen, and adde them together, and the ſum 765 is 
a new Diviſor , and ftands ( as there you may 
ſee.) | 

Now let the whole Reſolvend (except the fi- 
gure next the Quotient ) be accounted as a Di- 
vidend, and demand how many times 7 ( of the 
Diviſor ) you can have out of 32, ( that is, his 
correſpondent part in the Dividend ) and take as 
in common Diviſion ( obſerving all cautions as 
you do there ) and I find I can have 4 times 7 
ſet 4 in the Quotient, and the ſum will tiand as in 
the Margen. | | 

Next, multiply the 75, which was the treble 
Square of 5, ( in the Quotient; and was 75 ) by 
the 4in the Quotient, and it makes Zoo 3 ſet it 
down as here you (ce, and the ſum ſtands as in the 
Margen, 

This done, multiply the 4 in the Quotient in it 
ſelf, and it makes 16 3 and that by the treble of 
5 ( in the Quotient, which is'15 ) and it makes 
.240, and ſet it under 3oo, as in the Margen : 
_alfo.cube the 4 in the Quotient ( which is 64 }) 
and fect itunder 2403 and them ſums adde toge- 


ther (as in the Margen) and they produce 324643 


which ſum ſublira@t from the Reſolvend, placing 
the remainder underneath, which will be oo000. 
Thus the work is finiſhed, and the Cube-root of 
157464 is 54 juſt. 

gd Now this is to be minded: If the ſum laſt 
which was ſubliraed from the Reſolvend had 
been more than the Reſolvend, the Root is not 


_32464 reſolvgy| 


157464 (5 


125 


75 


32494 reſo 
F/ 5 . } 


32464. reſolu 
75 4 


32464. reſalual ; 
T5 | 


extracted ripht, and it muſt be done again , for the Root is w} 


much. 


C For every Cube (.which is known by the points or pricks ) &« 


cept the firſt, ( which is fartheſt from the Quotient ) a Reſolvends 


to be ſet apart, by bringing the next Cxbe to the remainder. Allo, 
4 Often as you have a new Refolvend, ſo often you muſt have a new Di 
viſor, which is found thus : Adde the treble of all the Root in tit 


Seed. 


Quotient, | 


ul 


Cube-number ) and I conſider 2.15. 


{ Not take it once, and therefore I ſet © in the 
tent, and becauſe the three numbers that ſhould 
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193 


cotient to the treble of the Square of the ſame Root, after they are 


placed | 


onely 


n that order as is ſhewed in the Work before wrought. 
The way of finding the firſt figure of the Root of any number, is 
aſcd at firſt3 but all the work afterward 1s uſed for finding every 


place ( except the firſt in the Root.) Now theſe Notes 1 would have 


you carefully uſc tor to guide you in your work. 


Example 2. 


| Suppoſe I would Extra the Root of thir number $203 248. 


Fir, diſtinguiſh the Cubes by the pricks ( as 


hath been ſhewed ) and then demand what is 


the greateſt Cube in 8 ( which is the fult 
Set 2 in the 


Quotient, and then cube the Quotient, and it is 


$; ſer $ upon the prick, under 8, and ſubſtract it 


from 8, and'(ſet down the remainder underneath 
(which is © ) 3 to that o bring down the next 
Cube, which. is 203, and the Work will fland 
thus. | 

Now this Work ( as I fay ) is no moxe re- 
peated in the whole Work. Draw a Line under 
the Reſolvend, and ſquare the Root in the Quo- 
tient ( which is 4 ) and treble that Square, and 
it is 12; this I ſet down under the Reſolvend (ſo) 
that 2 (in the unites place) may ſtand under 2 in 
the Reſolvand. Again,. treble the Root in the 
Quotient, and it makes 6 3 (et it as you fee in the 
Work, then-adde them together, and they pro- 
ra 126 for a new Devizor, and the Workſtands 
thus, 

Next, counting all the figures of the Reſolvend, 
except that furtheſt to the right hand, for a Divi- 


dend, I demand how often I can have the Devizor- 


( which is 126') from the Reſolvend ( except- 
ng one figure to the right hand) and I find I can- 
Quo- 


have been produced ( as in the firſt Example ) by 


| the multiplying of o by ©, comes to 0 3 the Re- 


8203248 ( 


Cretan 


————_—_—_—_—_—_ td. 


Sum in order. 


<a——m——_—y 


$203248 (2 


g ; 


0203 reſolvend 


$203248 (2 
le) 


0203 reſolvend 


I2 
06 


126 Devizor 


[ EEE 
— 


en 


$203248 (20 
S 


0203 reſolvend 


I2 
06 


126 devizor 


203248 reſolv. 


ſolvend 
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{olvend continues the ſame it was before: therefore ( drawing 2 Lin 
under the Devizor ) ſet down the ſame Reſolvend 203, and hji 
"down the next Cube-number 248 and ſet to it, on the right hand; 


' {o'you will have 203248 for a new Reſolvend, and the Work yil 


ſand thus. | 


Then 1 ſquare the Root 20, and it makes 4003 B82 033d « 1 
W 


[ treble that Square, and it. makes 1200, Set it 


. — 


down under the new Relolvend, and as you fee 0203 reſolven | 


in the Work 3 then ſet the treble of the whole 753 
Root in the Quotient 20 ( which is 60.) under= . gx 
neath 1200 in the manner , as you fee in the T26 Js, 
Work : ( for the © is under the laſt hgure but — 


one to the right hand of the Reſolvend, and hath 203 246 reſi ; 


I 200 


been ſo all along to every. Reſolvend.) Adde 4 


them together for a new Devizor, and the ſum is — 


12060, and ſtands thus. I 2060 deg; ® 
Now counting the whole Refolvend, excepting che laſt tigure top 


right hand, for a new Dividend, I demand how 
many times I ( the left hand figure of the De- 


vizor) IT can have in 25. and though I can S909 245 (201 | 


have twice one, I muſt not take it; for then in the 


concluſion the ſum will be more than the Reſol- 0203 reſilun | 


vend, which muſt not be 3 but I take: 1, and write 75 
it in the Quotient, then multiplying 1200 by the os 
Hgure laſt placed in the Quotient, the produdt is 
the ſame, becauſe it was but 1 that multiplied it : 


ply the treble Root 60 by the ſquare of the figure 1200 


laſt placed in- the i x, and it is ( 60) be- LD. | 
cauſe 1 neither multiplies nor divides, and ſet it __12060 devint | 
under 1200, fo as you ſee. Laſtly, cube the laſk 1200 

figure in the Quotient, and ſet it under, as you ſee 60 

( the Cube of 1 is 1 ). Set it under the laſt, or OI . 


right hand figure of the Reſolvend, and adde them T0601 oblai 3 


all together, their ſum is 12060T; which num- 
ber ſubſtract from the Reſolvend 203248, and 
the remainder is 082647, | 


Thus the Work is finiſhed, 'and 1 find the Cube-root of $2032 
is 201, and ſomething more, becauſe there remains $2 647, buth#| 
much it is more, no man in the world can exa&ly tell, although#| 
may be done infinitely near by adding ternaries of Cyphers, to wit,00 | 

t 


IF IF FO "I 


aha ed 


126 devizor ; 


place it under the 1200, as you ſee 3, alſo multi- _203249 1 | 


082647 ren 
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to the number whoſe Root is to be found : one ternary will bring it 
to the tenth of a unite, two ternaries ( thus, 000. 000) added will 
bring it to hundreds of a unite, &'c. But this may ſuffice for the A- 
richmetical Extra&ion of the Cube-root. | 

But becauſe it ſeems intricate to do it this way, and indeed *tis not 
common for Sea-men and Gunners to be ſo good Arithmetitians , ( for 
whoſe ſake I write this ) I ſhall here following ſhew a very eafie way 

* "to extra both the Square and Cube-root by the Tables of Loga- 


rithms. 


How to extra the Square Root of any number, by the Table of 
Logarithms. 
Tf you would ſquare any number, look for the Logarithm of that 
number, and double it : the number anſwering to that Logarithm 
is the Square required. 


Example. 


It | would know the Square of 5, the Logarithm is 0.69997 
: 2 


[ EEE 


The double of that Logarithm is 1.39794 

The number anſwering this is 25, the Square required. 

Tis evident then, that if you would extra the Square Root of any 
number, that if you take the half of his Logarithm, the number an- 
lwering to that, is the Root of that number. 


Example. E: 
Let it be required to extradt the Square root of 25. 
Tlook for the Logarithm of 25, and it is 1.39794 
The half of his Logarithm is 0.69897 


Now the number anſwering this half is 5, the Root of the number 
required, 


XN 2 Fe Hh 
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To Extraft the Cube-root by the Table of Logarithm, 


F you would cube any number,” look for the Logarithm of thy | 
number, and treble it 3 the Product ſhall be the Logarithm of | 


Cube of that number, 


Example. 
Let it be required to cube 5. | 
I look for the Logarithm of 5, and it is 0.69897 þ 
' I multiply it by n LY 
And the Product is this Logarithm 2.09691 


1 look in the Tables, and hind the number anſwering to this Log 
tithm is 125, the true Cube 5, which was required. | 
It is evident then, that if you would extract the Cube-root of a nan 
ber, take the third of the Logarithm of that number, andit ſhall beth 
Logarithm of the Root required. | 


Example. 


Let it be required to extract the Cube-root of 125. Wn 
I look for the Logarithm of 125, and it is 2.09691 | 
One third of it is 0.69897. Þ 
Aovainſt which: you will find 5, which 1s the Czbe-root of 125.n| 
c ured. Ts ; L 
The like for any number whatſoever. This maybe ſufficient for th 
ExtraGtion of the Square and Cube. | 
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CHAP. XXIT. 


Some Caſes of a right angled Plain Triangle, perform- 
ed by the Square Root. | 


CASE:r; 


| . Diſtaxce run, and difference of Latitude given, to find the 


i + 


ſtk 


Departure. 


Oueſt, I, Admit I fail upon ſome point between the South and the 
Eaſt 58 leagues, I deinand my departwre from my Meridian, provi- 


ded I have differed my Latitude 1 deg. 30" or 30 leagues? 


Note, The Square of the: longeſt fide of any right lined right angled Tri-. 
angle, is equal to the Square of the other two fides,. Eucl.I. prop.47, 


= I B 


'1O then if we ſquare the fide C B58 leagues, and afterwards 
ſquare the difference of Latitude C A 3o, and ſubſtract- it 
[If From the {quare of © B, the remainder muſt be the ſquare 
--0 NO Meridian-diſtance 3.. the Root of which number is the 


Example. 


1s8Y Come Caſes of a right angled right lined | 
| | Example. | 
Facit 49 for the ſide AB | 30 


iz. 


..-.- 
"oy x. 


200 Þ 
A ——_— 


The Square is 336|þ 
| 900 


The Square of AB 24 
Neat, to find the Courſe, s | 


We have now the Meridian-diſtance found to be 49 $8 4(; | 
leagues, and the difference of Latitude AG 30 leagues 248 q(yſ 
is £iven. | 289 | 

A General Rutkc. | 

Take half the length of the longeſt of the leſſer ſides, and adde it nh 
longeſt fide, ( which t the diſtance run _) and ſay, : 

As that ſum, is to the ſhorteſt fide 3 ſo is this general number 86, th 
Angle oppoſite to that ſhorteſt fide which ( in this caſe ) is B, the Con 
plement of the Courſe to go degrees. ( I have ſhewed in the Iv 
rine of Triangles, how the three Angles of any right lined Triay:| 
contain but 180 degrees : then, if ſo, one Angle being go degrees, | 
a right Angle, the other two muſt bz Complements one to another, s| 
in this caſe.) To proceed : | 


Example. 
The longeſt fide 15 B G | 5s | 
The longett of the lefler fide is A B49 its half, omitting | 
the half unite, is $25 


; Which together are 83 | 
I ſay then, If the ſum of half A B; and all B C 83, gives A C 30; | 
W hat ſhall 86 give? And it gives 31 deg. 5', which is the Anp | 
83; 30:: $86? at B, whoſe Complement} 

90 deg. is the Angle of tit 
Df Oy Gourle C,58 eg. 55 totit} 
; O | l 
z2588@(31): 7 (5: Eaſtward of the South 
i Z 3 pit 


IW=- © W& 


' Triangle wrought by the $ quare Root, 1 v9 
But you may ask how the 5' comes out : you (ce the remainder of 


the firſt diviſion is 7 3 I multiply that by 60, and it gives 420 3 and 
that Produdt divided by the firſt Diviſor 83, gives the minutes that be 


| - contained in the fraction, which here is 5”. 


CASE 2. 


The diſtance run, and departure from the Meridian given, to 
find the Courſe and difference of Latitude. 


Queſt. 2. Let the departure from the Meridian be 30 miles, and the dis 


ſtance run 54 miles, I demand the Courſe and difference of Latitude, 
provided I ſailed between the North and the Weſt. | 


N this caſe, ſquare the diſtance run by itſelf, and the departure from 
the Meridian by it felt, and ſubſirat the lefſer {quare from the 
greater, and the remainder is the ſquare of the difference of Latitude z 
becauſe the ſquare of the longelt tide is equal to the ſquares of both 
the other two ( as hath been ſ{hewed ) 3 the Root of which is the dif- 
ference of Latitude required. 


Example, for the difference of Latitude. 


32 54 
30 54 
The Square of the Departure 900 ws: 
270 R##(0 
— 2#7xX6 (44 thediff. of 
The Square of the difference 2916 484 Latitude. 
900 


The Square of the difference of Latitude 2016 


For the Conrfe, 


I take half the length of the longeſt of the leſſer ſides, and the 
longeſt ſide, and adde them together, and ſay, If that ſum ( which is 
6 ) gives the lealt fide 30, what ſhall 86 give, and it gives in this 
xample 32 deg. 36', which is the Angle of the Courſe, becaulc it's 
againſt the ſhorteſt ſide, which is the departure. | 


CASE 


1760 Some Caſes of 4 right angled right lined 


_ CASE 3. 
Difference of Latitude and Departure given, to find the Cay 
and diſtance, | | 


Queſt. 3- Let the difference of Latitude be 6o miles, the Departure 3 
miles, I demand the Courſe and diſtance run. 


Firſt, For the Diſtance. 


Conſider the ſquare of the difference of Latitude, and the 
of the Departure, are cqual to the ſquare of the diſtance run; ther 
fore ſquare them leverally, and adde their fquares together, and thy 
ſum is the ſquare of the diſtance run , the root of which, is the lengiþ 


.of that fide. 


Examples 60 33 
60 38 
The difference of Latitude ſquared is 3600 304 
The Meridijan-diftance fquared is 1444 I 14. 
Theſum is the ſquare of the diſtance 5044 I 4.4.4 
"The Root of which number is 71, the diſtance 0,08 
1n-miles required. $& 44(71 
744 
N by 


Secondly, For the Courſe. 


I take ( as before ) the longeſt of the leſſer ſides, and adde the hi 
-of it to the diſtance run, and: it makes 101. | 
I fay then, If ro1 gives 38, what ſhall 86 give ? I multiply au 
divide, and find 32 for the Quotient, and 36 for the 'remainde! 
which is 32 deg. 21', the Courſe made good. The like of any ot 
of this kind, | 


CHAP} * 


1 


f | Some Cafr of | Dot Ne” "bi Trond, phforget et 


"IIT% 


'by ihe {8 Seak. 
dp rb 6 112. "CASE x. 


ne tn ng oe ome of hn gn fu 

; the other r Apgles;\and the e fide. 

ul Queſt. 1 Adis there be two Ships ſe from one Port , one ſalt North 
"North Eoft 58 leagues; the other ſails 67 leagues, and at the end of 
ber ſailing the firſt Ship bears from her North Weſt , I demand their 
diſtance p, kth and the ſecond Ships Courſe ? 

; 

"| 4: 

ant : 

ler : 

«| : 


> 
' SS, 
« . 4 
” 
\. | 


AP. 0 do this, draw the North 4 South Line ADs and maki A 
0 Tune of your Ships Tetting out, ſet off a North ney = 
oe F-- ourle 


k% 


16> Oblique Triangles performed 
Courſe from A ( which is the firſt Ships rumb ) and upon it (et 
her diſtance Tun'53-lexgues, which reacheth froiti A to B: then fron 
B, as a center, deſcribe the Arch AC, and from A, towards C, fe y 
ſix points, and dra the Line BC, which is a Sputh Eaſt Courſe fig 
B, or from CtoB is a North Weſt Courlſe, according to the Queli 
on. . Laſtly, take Me. ſecond Ships diſtance, ruh\6y Iagues, and hxin 
one foot in A, where the other foot'o your Compaſſes; cuts the Nor 
Weſt and South Eaſt Line BC, there mult your ſecond Ship be (wig 
is atC ) 3 and this is evident, becauſe CB cuts the firft, and isaNag 
- Welt Line from the ſecond, as the Queſtion gives it.. 
\Mcafure. Mele © B, and it's.the diſtance: of :#þe; Ships, -one fn 
the other; 62 Heagues, Nd Ah et 
Meaſure the Angle at A, whoſe meafure is O C, and is ſo many 
recs.Or points to. the Ealiwards: of the Northj, North: Eafi ( thei 
nipy, pac 2 it makesz I find it- here to be North North Eaſt gf 
deg. 30' Eaſterly, or Eaſt 8 degrees Noxtherly.. . The like for anyot 
of this nature., © Ne A? Ker. a Kroerha, A 


#2 


Le 


CASE 2. Oo 
The Angles of a Triangle, and one of the fides given, to findih 
other two ſides. gp 


Queſt. 2. Admit I ſet from a certain Port,- and ſail Welt by South {| 
leagues, and then meet with a Ship that came from @ place that hunt 
North Weſt by Weſt from that Port ( if that Ship had ſailed Swi 
Weft ) I demand ber diftance run, and the diſtance between the im 


| places . = : 
Et-C be the place] 
* Krgs, f from, from which drin 
: "* the Weſt by South Line C 
: CERA and upon it ſet off 38 league 


7: then from C ſet off the Lin 
4, _ CR, a North Weſt by Wi 
Line ( drawn out at pk 
fure-).....Laftly, from Adurf 
a North Eaſt Line, as ARs 
till it cut the Line © R,whi 
Kdothin R; then mufth 
C be the diſtance betwe!} 
the two Ports 3 and RA ti} 
ſecond 


draw the Weſt Line 


v0 Wn; "| 'Þy the Pleih Scale: © 163 


ſecond Ships diſtance run, becauſe *tis a South Weſt Line from R, to 
the place where the Ships meet. - / 


The diftance, between the'places R C is He leaguer : 
The ſecond Ships'diftince*rit RAis:* © 27 leagues © 
CASE;. 


Two fides and the contained Angle. given, to find the third fide 
and the other. Angles Oo 0 | 


Queſt.:3.. Admit there be two Shipg ſet from one Port, one ſails South Weſt 
by Weſt 38 leagues, the other fails Wieſt 4.9 leagues ; I demand the di- 
ſtance between theſe $ bips at the tnd of their ſailing, and their bearing 


*, 


. 


one from the other. © 


CO Uppole B to be the 
g A. 


place I ſet from 3 T 


BA from it, and ſet off 

49 leagues, allo draw 

the Line B D a South. 

Welt by Weſt Line, 

from B, and (ee6ff 38 
leagueraponithat which _... - 
reacheth to D;, draw C) ED 
your ide D A, and fo you have the Triangle ABD. Take off AD, 
and ſee what it is: And becaufe AB is an Faſt Line from A, by an 
Arch of 60' degrees, ſee how many points to'the Southwards of the 
Eiſt, the Line A D'runs, which iFtheir bcaring-one from thevther;” 


The Ships bear one from the other NWbyNs5 4 Witly. 
| , or its contrary. 
They be diſtant from one another 27 leagues? 
25 04G 


CASE 


16 4 Oblique Trinag pofermed 9 the P i * 


C A $ E. Pl 
The three ſides of a 7; riangle TOY to > fid bez p WR 


Queſt. 4. There be two Ports in one Latitude, diſtant 62 leagues ;, a Sh 
ſet from the Eaſtermoſt of theſe Ports, and ſailed wpon ſome point | * 
tween the North aud the Weſt : 48 leagues, aid then meets with a % 

that had ſailed from the Weſtermoſt of theſe Ports 3.1 leagues : 
Eand each S oye Courſe, 


Raw the Eaſt and Weſt. Line A & and from C ſet off 62 lea 
on it, which reachethto A; next, take the ret crtin. 
diſtance ri run 48 leagues, and u upon C, as a center, delcribe, the Arch 


{ 


| - y 
.i Oi 


Laſtly, take the Weſtermoſt Ships diftance run, RY! ſet.it from A, al 
where .it cuts the Arch. S which is. at, B, there the Ships 1 muſt, nee 


meet. You may meaſure the Avghe their Courle,; from; r fi 
Eaſt and Weſt Line AC. gh Ph: I v9 


The Eaſtermoft Ship ſailed Wet 2 9 = 20 / Northerly. 
The Weliermoſt Ship ſailed Eaſt 46 deg. Northerly. 


Thus much for Oblique Triangles by the Plain Scale. 


CHAP | 


CHAP. XX TV. 


| Propoſitions of Sailing by Mercator's Chard, perfor- 


med by the Plain Scale. 


by the plain Scale of Longitude how to reduce that Reckoning in- 
to Mercator's Projection every day 3 angt have alſo handled the 


] Have ſhewed before how to'Recep a Reckoning by Plaino, and alſo 


Caſes of Right avgied and Oblique angled Triangles by the Plain 
Scale. _ 


1 come now to ſhew the Caſes of a right angled Triangle, perform- 
ed by che Plain Scale in Mercataor's Sailing ; which will more tully ſa- 
tishe you how that Reckoning is converted from Plain to Mercator's 


-Þ Projedtion- 
PROB. I. 
To find the Meridional parts contained between any two Lati- 
2 kj 


Queſt. 1. Admit I would know the Meridionsl parts contained between 
the Latitudes of 51 deg, 10", and 48 deg. oo', 


Irſt, take the middle Latitude between theſe two Latitudes, whieh 

is done by ſubſtraGing the lefſer Latitude from the greater 3 and 
halt oe adde to the Icfler Latitude, and it gives the middle 
LaitudP: ( or if itbe ſubſtracted from the greater Latitude, it doth 


the ſame thing.) 


I find the middte Latitude here to be 49 dep. 35. 
Next, ſee how many miles goes to make a degree of Longitzde in: 
that raiddle Latitude, which I find to be 39 miles (neareſt) 3 then con- 


{ vert your whole difference of Latitude into tmiles, and it makes 190 


miles or minutes, ( for all minutes of Latitude are miles: ) Then lay 


| by the Rule of Three, If 39 miles gives 60' (or Meridional parts ) 
| What ſhall 190 miles give? 


32 


_ , * = EIT F! Uk REY TRE" Wn, OTET 
"y ks þ 2 ef 9h vu * 
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) 
(I 
ll | EE 39 Þ 
39 60 90 Sg (2 | 
60 | r.P42 8 (29, þ 
Facit 292 Meiidional 11400 {14 


Parts and ;; of a part 
So I. conclude, that 292 is the Meridional parts contained jn | 
difference of Latitude, | have ſhewed before how to find the nip, 
ber of miles in any Parallcl-that goeth to a degree of Longitude, by 
Plain Scale of Chords, and Line of Longitude, and'therefore Omith 
here. - | 
PROB. II. 


The Latitudes of two places, with the difference of Lowit 
gzven, ro find their diſtance and Rumb. : | 


Queſt. 2. Admit there be two places, the one in North Latitude 5t de 
10', the other in North Latitude 48 deg. 00”, and to the Weſtward; | 
the Meridian of the Northermolt 4 deg. 38' 3 I demand their diſanmuf 
miles, and their bearing one from the other. | 

T* anſwer this Queſtion take the middle Latitude, and reduc 

difference of Longitude into mils ( as was ſhewed in the ji 

Problem : ) - alſo reduce the whole difference -of Latitude intonikf 

then have you the difference of Latitude, and. the difference of Lf 

de given, to find the Coxrſe and Departure, you may protra it uf 

_ hath been ſhewed in a Caſe of that kind already. 

The difference of Latitude, reduced into miles, is 190 niſi 

— The difference of Longitude, reduced into miles. is 180m 


2 The Triangle thiti 
SA." made with that dif 
rence of Latiffide u 
Meridian diſtance, i 
CAB; take off thedj 
ſtance AC, and thels 
| gle of the Courſe al 

© asis ſhewed. I fudit 
ped diſtance A C is 
miles. The Couk 
from the Northern 
Poxt South 43 dg 7} 
Wetierly. 


U 
" 


| v | LU | » _ 
performed by the Plain Scale. 167 
Bat this might have been protraQted by the difference of Longitude 


| given Mercator's way. Firſt, thus : See what Meridional parts are 
—ntained between the two Latitudes ( as hath been ſhewed Prob.. 1. ) 


_— 


—— 


b 6 8 + 4 


and1 find 292 parts; with this and my difference of Longitude in parts: 
Ilay down the Triangle A DE; as if the' parts were miles and find the 
F Courſe at A, as before,to be 43 deg- 3o', tothe Weſtwards of the South, 
'* leading to D.. This done,1 ſee what my difference of Latitude in miles 
Is, and from A, I ſet it off to B, and draw the Line B C parallel to 
DE, and it cuts the rainge of the Courſe in C: fo then A is the di- 
'\'þ flance in miles between the places 3 and A is the Angle of the Courſe: 


or —_ $o both the Triangles, and the ſame as before. it was found: 
0 de, 


PROB. 


2168 Propoſitions of Safling 'by Mercator, 


ProB. IM. Ly | 
The Latitades of two places, and the diſtance between they ,; 
ven, to find the Courſe that leads from one to the other, yi 
the difference of Longitade between them, 


Queſt. 3. Admit there be a place in the Latitude of 48 deg. and andjy 
in the Latitnde of 51 deg. 10', and to the Eaſtward of the former (4, 
ſtat 260 miles ) I demand their bearing and difference of Ly, 
gitudes | "Fi 


I* this caſe you have the two Latitudes given, and the diſtance; h|f 
that with the difference of Latitude reduced into miles, and the 4 
ſtancez you may lay down the Triavgle A CB (as is ſhewed) and fn 
;the Courſe, as in a common Queſtion. 
The Courſe is North Eaſt by North, 9 deg. 45' Eafterly 3 orNordf 

43 deg. 3o' Eaſterly. | | 
: Bur to find the difference of Longitude, we muſt lay down the AutÞ 

thus. | 


yy 
of 
1 
-B- 
[| 
Y 


Fl} 


performed by the Plain Scale. 169 
Find the difference of Latitude in Meridional parts, and ſet it off 
upon the North and South Line from A, and it reacheth to E ; from 
E raiſea perpendicular or Eaſt Line, and where the Line AC ( exten- 
Jed ) meets with that Line, which is at D 3 there the Ship will be, 
c by accounting the ſides in parts, ſuch as 60" makes a degree of 
Longitude.) 3 meaſure the ſide E D, and divide it by 60, and your - 
Queſtion 1s anſwered. 


The difference of Longitude is E D 278 parts, or 4. deg. z$'. 
And this is evident : for, 


As AB. the difference of Latitude in miles, | 

Is to AE, the difference of Latitude in Meridional parts 3 

So is BC, the Meridian-diftance, - 

To E D, the difference of Longitude in parts, ſuch as 60 is 1 deg. 


PROB. IV. 


The Courſe or Rumb, and the Latitude of two places given, 
to find the diſtance and difference of Longitude between 
them. 


Queſt. 4. Admzt there be a place in the Latitude cf 51 deg. 10', another 
in the Latitude of 48 deg, o0'. Now the Northermoſt of theſe places 
bears from the Southermoſt, North 4.3 deg. 30' Eafterly s I demand the 
diltance of theſe places, and the difference of Longitude between them ? 


T- lay down this Queſtion, ſabſtract the Latitudes one from the 
other, and fo 1 have the differcnce of Latitude 3 dig. 10', or 
190 miles. * With that and the Courſe given ( in the Quzſtion ) I 
lay down the Triangle ABC ( as is ſh:wed before. ) This done, 
ind the middle Latitude ( as before hath been ſhewed ) it's 49 dep. 
353 andnext, the Meridional parts contained between the two La- 
titudes, which is 292 parts, Theſe Mcridional parts I uſe to ſet off 
the difference of Latitude in the ſecond Triavgle, as 1 did the difercrce 
| "5 Z of 
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of Latitude in miles in the firſt Triangle 3 and ſetting it from A, i | 

reacheth toE; from E then draw the Line ED parallel to.BC, tl | 

it concur in the diftance run, which is at D, then refolve the Queſtion, | _ 
AC is the diſtance run in miles, : 260 milu, 
E D is the difference of Longitude in minutes, 278 min. or 4 4.38. | 
Take them off, and you will find them to- be ſo upon the Scale d 


£qual parts, 


he 


PROB., V. 


The Ramb, or Courſe between two places, and the differensi} 
Longitude, with one Latitude gzven, to find the others Lit 


tude, and the diſtance between them. 


Queſt. 5. Admit I ſet from Lunde (which is in the Latitude of 511 0 | 
IO”) and ſail till T have Weſt Longitude from it .4 deg, 38', and tht | 
then T bear from it Weſt 4.6 deg.. 30' Southerly I demand my diltanc | 


from it, and what Latitude I am in ? 


F'* the laying down this Queſtion,I convert my difference of Lov þ 
gitude given into minutes or parts, by multiplying. the deyes | 


EO Thr 


performed by the Plain Scaie. +0: 
by 60, and adding in the odde 28', and it is 278'. By the Courſe 


given me in the Queſtion, and this difference of Longitude in minutes, 


——_— a . | >> ES re ora nops——— — 


D E 


Thaydown the Triangle A ED, as any common Triangle islaid down, 
that hath the Court: and Meridian-diſtance given, uſing the diffe- 
rence of Longitude, as if it were Meridian.diſtance : This done, I ſec 
how many Meridional parts the difference ef Latitude AE is, and I 
find it Mere to be 292. And thus you have the Meridional parts con- 
tained between the two Latitudes. = 

But now to find the other Latitude, you are ito conſider, you know 
not what number of miles is contained in this difference of Latitude 
in parts found, becauſe you know not the middle Latitude ; therefore 
well proceed thus to find the other Latitude : I ſee by my Scale of 
Longitude how many miles goes to a degree in the Latitude that's 
given me, ( which is 51 deg. 10' ) and I find 38 miles (neareſt.) I 
lay then, If 60 Meridional parts of Latitude gives 38 miles ; What 
ſhall the Meridional parts contained between the two Latitudes 292 


give ? | 
Z 2 60 
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Eo | RL 
= 33 

Facit 185 miles lacking for FF Fo2C5 
ſeconds or 3 deg. 4' 55 of Lati- + E Frag (6(28 (468 
tee. - / / £&60 Bao | 
:... "1095 


This 3 deg. 5' of Latitude, ſubfiraQted from the given Latityſf 
51 deg. 10! leaves for the other Latitude 48 deg. 5',which is toonwſ 
Northerly. But let it ſtand. 

We will next ſee how many miles makes a degree in this Latif 
found 48 deg. 5/, and it gives 40 miles. I ſay then, If 60 Meridinſf 
parts of Latitude,gives 40 miles 3 What ſhall the Meridional parts 
tained between the two Latitudes 292 parts, give ? 


60: 3-40-14 2923 


Facit 194; miles, or "40 FF# < 4 HT | 
$I OT” Pe&8(0 (xg 
11680 8880 80 | 


This then makes the difference of Latitude to be 3 deg. 15 (near 
ſo that the other Latitude then ſhould be- 47 deg. 55', which 
much too little, as the other before-found was too much : Where}, 
the half difference between the two Latitudes thus found, whidif 
5/, added to the lefler, gives the true Latitude required, 48 dep, of 
or ſubſtraQed from the greater, which was 48 deg. 5', gives the (i 
thing, namely 48 deg. oo'. The like for any other Queſtion of tif 
nature. - The reaſpn of this is evident, as appears by the very workin 
of it, by, the two extream Latitudes, | 

The other Latitude bcing found, I ſubftraft them one from the o| 
ther, and the remainder is the difference of Latitude, which is 34| 
10/, or 190 miles. | 

Thus then I have the Courſe in the Queſtion given me,and the diff} 
rence of Latitude in miles, whereby I may lay down the little Trian 
A BC, (as is ſhewed )) and take off the fide A C, and meaſure it, 

The Ship is diſtant from Lznde,or AG is 260 mile. 


| 
IE 
t, = 


performed by.the Plain Scak.- + 4-4 


PRroOB, VI: 


The Courſe, the diſtance, and one Latitude given, to find the o- 
- ther Latitude, aud the difference of Longitade. 


Queſt, 6. Admit there be a place in. the Latitude of 48 deg, 00! Nor-. 
therly, aud T1 ſail from it North W, eſt by North 9 deg. 45 W efterly, 
(which is North 43 deg. 30' Weſterly) 260 miles z I demand what 
Latitude I am.in, and my difference of Longitude... 


"© reſolve this Queſtion, Ilay down the Triangle ABC, as hath 
been ſhewed before in an Example of that nature, and ſee what 

your difference of Latitude CA is in miles; I find it here to be 190 

miles, and the Meridian-diftance is B C 180 miles, 

Now this 196 miles divided by 60, gives the difference of Latitude 


|- in degrees and minutes ( which is 3 deg. 10' ) that added to the La-. 


titude, I ſet from 4.8 deg. 00)", gives the Latitude I am now in, namely : 
51 deg, 19' ( which was required.) . | A; : 


E 
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10', and ſubſtra& it from the greateſt Latitude found ( or adde it t 


Next, to find the difference of Longitude 3 1 take the half of z ty, | 


the lefler given ) and you have the middle Latitude 49 deg. 35' ; the | 


ſee how many miles goeth to a degree of Longitude in that Lati 


| and | find 38.miles. I fay then, (to find the Meridional parts cor. | 
tained between the two Latitudes ) If 3$ miles gives 60 minutes, Q þ 
| parts; What (hall the difference of Latitude in miles give, being 19 | 


miles? 1 multiply and divide, and find it gives 292 parts. 
Take this 292, and with it and the Courle lay down the Triang 
AE D, uſing the difference of Latitude in parts, as though they wer 


miles, and ſo they will reach from AtoE ; from E raiſe a Perpendi. | 
cular, and draw it out till it cuts the diſtance AB extended inÞ; k 


Laſily, take off the difference of Longitude DE, and ſee how may 
Minates it 1s. 
I tind the difference of Longitude DE to be 278' or 4 dep. 38/ 


PrROB. VIL 


To convert any number of miles into minutes of Longitude, x | 


minutes of Longitude into miles, in auy Latitude. 


Queſt. 7. Admit I would know in the Latitude of 28 deg, 30', bow nu | 


miles is in 4 deg. 38' of Longitude. 


T5 Educe the difference of Longitude given into minutes, and ſt | 
R how many miles goeth to a degree in the given Latitude, whic þ 
I find in this Caſe 53 miles doth it. I ſay then, If 60 minutes give | 
53 miles 3 What ſhall the difference of Longitude in minutes gir! Þ 


which 1s 278 minutes. 


60. 3 $3 13-258 


PF acit 245 miles, 53 
and 34” of a mile ae 2 
$34 @P47[34(245 
1390 #8690 
14734 | 


If you have occaſion to put miles into minutes, or Meridional patts 


in any Latitude, *tis but finding in that Latitude how many miles gy | 
<th to a degree of Longitude, ( as we have done in the Example of | 
: | Off | 


| : 
W 


performed by the Plain Scak. ' 76 
fore $3 ) and fay, If 53 miles gives 60 minutes; What ſhall the De- 


parture 245 miles give ? Multiply and divide. 


; F (2 
563 : 60 :: 245 6 4 
1; 00 #9 (9 
Os POO 
9700 zz 
5 5 


Facit 277 32, which is near 278, and would have been fo exadly, 
if Thad not neglected the fraction of the firſt number of miles found 
bat I have treated of this before, and alſo ſhewed: how to keep a Rec- 
koning, by this way of Sailing, to which I refer you for both. And 
thus you ſee all the Caſes of Sailing by Mercator's Chart may be cx- 
aAly reſolved by the Plain Scale. 


Before we proceed to the Dodtrine of Right lined Triangles, it will 
be neceſſary to infert (in this place ) ſome Trigonometrical Definitions, 


FEY - —_—— 


CHAP, XXYV. 
Trigonometrical Defunitions. 


Defin, 1, Triangle is a Figure conſiſting of three fides, and: 
as many Angles, as-is the Triangle H:G-F. 

2, Any two fides of a Triangle, are called the 

lides of the Angle including between them, as the lides H F and G F- 

Uc the ſides containing the Angle HE G. 


m ſuper e ge 
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deſcribed upon the angular point and cutting both the ſides containing | 
the Angle. | | [ 


that Angle wanteth of 180 degrees. 


contains riore. than 90 degrees. 


| C or hieth' oppotite to ) the Right Angle is called the Hypotenuſe; al 
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3. The meaſure of an Angle is the quantity of the Arch of a Qtek 


'4. A Degree is the' 360 part-of any Circle. Theretore, 
*5.. A Semi-circle contains 180 degrees. And, 
6, A Quadrant ( or right Angle ) contains go degrees. 
7+ The Complement of an Angle leſs than 90 degrees, is ſo nug 
as that Angle wanteth of 90 degrees. : 
.8. The Complement of an Angle to a Semi-circle, is fo muy 


'9. An Avgle is either Right, Acute, or Obtuſe. 
10. ARight Angle is that whoſe meaſure is. 90 degrees, or a (y 
dravt. SE | 
11. An Acute Angle is leſs than a Rigtit Angle, and always 
tains leſs than go degrees. - 
12. An Obtuſe Angle is greater than a Right Angle, and alyyſf 


13. A Triangle is ctther right angled, or oblique angled. 
14. Aright angled Triangle, is ſuch a Triangle as hath one Rig 
Avgle, as the-figure H G F hath one Right Angle, namely that at 
which containeth juſt go degrees. 
'15. In every right angled Triangle, that fide which ſubtend& 


the other two' hides, the one is called.the Perpendicilar, ard theo 
tne Baſe, at pleaſure; but molt commonly the ſhorter fide is calledttÞ + 
'Perpendicular,and the longer fide the Baſe, Thus the Triangle HF 
the Hypotcnuſe is HF, the Perpendicular HG, and the Baſe F G, 
16. In every-right angled Triangle, if you. have one of the Aut 
Angles-given, the other is alſo given, it being the Complement the 
to 90 degrees, as in the Triangle HF G. If you have the Ange! 
H 62- degrees given, you have alſo the Angle at F given, it being i 
Complement of that at H. to 90 degrees. Wheretere take 62 degit 
from $0 degrees;and there will remain 28 deg, oo”, which is thequi 
tity of the Angle F. | 
37. In all right lined Triangles whatſoever, ( cither right ang 
or oblique anglcd ) the three Angles together are <qual to two Ri 
Anglcs, or contain 150 degrees: theretore if you have any two Wſ 
glcs of a Triangle given, you have alſo the third given, it being 
Compl:ment of-the other two, to 180 degrees: Thus, in the Tip 
ge A KF (as in this fgure ) if there were iven..the Angle HK 
35 deg.oo/,ard the Angle HFK 20 deg.co! 3 I ſay by'conſequence 1® 


w——— 


tave the third Angle K HF alſo given, being the Complement of the 
other two to 180 degrees : for the two. given Angles HKF 35 deg. o0', 
and HFK 20 deg. oo', being added together, make 55 deg. oo”; 
- which being taken from 190, xemains.125 deg.'tor the Angle K HE. - 


k 


%, 


18. 1nall Triangles whatſoever, the fides are in proportion one to 
the other, as the fines of the Angles oppoſite to thoſe ſides: ſo in the 
Triavgle HKF, the fine of the Angle at K is in proportion to the fide 
HF, which is oppoſite to it, as the fine of the Angle at F is to the ide 
HK, or the Angle at H to the fide F K. TR #5 


' Theſe things I thought neceſſary to give ſome 'general hints of in 
_ thisplace. And now we will proceed to | 


A_ 
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. ___ CHAP. XXVL 
Of the DoFirine of right angled right lined Trian- 


a right lined Triangle by the PJzin Scale onely, and given 
you {ome Trigonometrical Definitions, but now we will pro- 


ted to handle the lame things,” and reſtveithema by che Tables of 


: ltherto we have {hewed the Reſolution of the ſeveral Caſcs of 


pt Smev, Tangents, and Logarithmsz and by-Gamers Rate. 
| "you look back, you may there ſee the projection of the Plain Scale, | 
Wi how it*s deduced from a Circle, both the Sines, Tangents, and Chords. 
| but for our preſent purpoſe, it will be neceffary to ſhew'the Projedtion 
oh. Lines more diſtin&ly 3 which is done in the Figure tollow- 


Sheath, MPR Aa 1:2, The 
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1. The Sine of an Arch, is a Line let fall perpendicularly from th 
Arch, to that other fide that goeth from the center of the ſame Ard; 
as G K. is the Sine of the Angle at I, or the meaſure of itz or the Sy 

' of the Arch G A, becauſe IGG is the Radims of the Cixcle, or the Sm 
_ diameter of the Circle, or the whole Sine. | 

2. The Chord of an Arch, isa Line that goeth from one ſide to th 
other of a Circle, like the ſtring of a Bow 3 as GB is the Chord of ef 
Arch GAB. And here you may note, that The right Sine of an if} 
3s balf the Chord of twice that Arch, as G K is the Sine of the Arch G | 
and G KB is the Chord of the Arch G AB, which is twice th 
Arch. 
© 3. The Tangent of an Arch, is a Perpendicular raiſed from the i» 
dixs of that Arch without the Circle, and concurring with anotit 
Line that goeth from its center 3 -as AF is the Tangent of the A 
G A, or the meaſure of the Angle at I. 


A General Rule. 


Ard from hence its evident, That in a Triangle, any of the three ſi 
way be put as Radius, or the Semi-diameter of the Circle, or the wilt 
Sine 3 and the other fides ſhall be as Sines, Tangents, or Secants, by tw} 
repreſented 3 as we ſhall more fully thew by and by, and it's plain} 
the ProjeGion of the Plain Scale. " 
Now the ſame proportion that the fide put for Radius has to Rui 
the ſame hath the other ſides to the Sines, Tangents, or Secant by the 
repreſented. EO ae TOO I 


of Sines, Taugents, Logarithms, Plaino. 179 


4. The Secant of an Arch, is the longeſt fide of a Triangle, or a 
Line drawn from the center, till it cuts the Tangent-line of that Arch 3 
as IF is the Secant of the Angle at I. 

- 5, The Verſed Sine of an Arch, is that Line which is between the 
ce where the right Szxe falls, and the circumference 5 as K A is the 
Verſed Sine of the Arch G A. | 


Note, That the Sine of any Arch lefi than go deg. is alſo the Sine of an 
Arch as much greater than 90 deg. as G K us the Sine of the Areh G A. 
Now G A is lefi than go deg. by the Arch GE, and is alſo the Sine of 
the Arch G E D,, which is morethan 90 deg, by the ſame Arch EG. 


T infer from hence then, That if an Angle or Arch be above 90 deg. 
if you take the Sine of what that wants of 180 degrees, it's the ſame 
_ tor it's the Complement of it to 180 degrees 3 and one Sine 
you lee ſerves for both. | | 

6, The Complement of an Arch leſs than 90 degrees, is what that 
Arch or Angle wants of go degrees 3 but if that Arch or Angle be a- 
bove 90 degrees, the Complement of it is what it wants of 180 degrees, 
or a Semi-circle. 

7. The three Angles of any right lined Triangle, conſifts of no mors 
nor leſs than a Sermi-circle, or 180 degrees, as appears in this Figure 
following 3 in which you muſt own, that RS X is a Semi-circle. Now 


Oy 


| ISETIIENE wi > GRE Th * 


Aa2 . | * 


x80 Propofitzons of Sailing performed by the Table, 
if the Arches O W and VT, have the ſame diameter that the Ard 
= X'SN R hath ; then jf you take W Or and (et it from S, it reachey 
N (it's the meafure of the Angle at Z3.) and take V T and (@þ 
froini N,and it reacheth-to'Rc ( it's the meaſure of the Angle at G;) 
fg - {5 you ſee that all the three Angles reacheth from X to'S, from S 
E: and from N to R, and make a juſt Semi-circle,” or 180 deg. X SN 
which was to be proved. 
From hencePll conclude then, that m any right'lined righe ang 
Triangle, if one of the Angles beſides the Right Angle be known, th 
other Angle is known alfo'; for it's that Angles Complement to 


degrees. | TE ae 9.99 | | 

[ have ſaid, that any of the three ſides may be put as Radzws, andth 
other ſides ſhall be as Sines, Tangents, os Secants, by them repre; 
 - nG | OY. | | 
_ From what hath been ſaid in-the Projection of the Plain Scale, th 
appears: That in the Triangle A GC B, if AB be'the Semi-diametedfi 
the Circle that the: Seate be made by; then is B C the meaſure of tf 
Sine of the Angle oppoſite to' it (namely A } or equal to it: antfy 
the ſame reafon is AC the Sine of the Angle oppoſite toit atÞB, o6 
qual to it, ( for it's the meaſure of the Szxe of it : ) from whenceitiÞþ 
evident, that if theſe fides meaſure the Angles, or be equal to tha 
they muſt be proportional one to the other. des | 

Alſo, the fide AB isthe Size of the Right Angle at C ; for its} 
Radius ox the whole Sine of the Circle which the Scale is made by, 
And this you may ſce in the ProjeQion of the Plain Scale. Andnop 
I ſay, if they be equal, they mult be proportional. So that from hen} 
will ariſe this Concluſion, | | 


A General Rule. 


That in all right lined Triangles, the Sine of every Angle is proportimlÞ 
to by oppoſite fide, or the contrary : Every tide is proportional to the Sit 
of bis oppoſite Angle. 


vy 


w! B 
« Þ 


Oh 


+; of Canes, Tangents, and Logarithms. 18x 


+ 


$9 then, as' Radius. or Size C, 
Is to B A, his oppoſite tide 


So 1s Sine B, | 
- Inproportion to AG, bis oppolite fide 3. 
' Ando is Sine Ato his oppoſite fide BC, 
Or the Converle. 


 AsBA, 
Is in proportion to Raain, or Sine C $0 degrees 3 


So 1 IS A Cy | 
'" Inproportion to the Sine of his opiulice AngleatBs. 


And fo is BC to the Sine of his oppolite Angleat A. 


Theſe things oremiſed, we'll mogkis fe of this general Rule as far. as- 
we can 3 and. Ty to work the GASES. | 


CAS k the firſt and ſecond. 


The Hypothinuſe ( which is the longeſt fide) and the Anglc 
"at the Bace ( namely the Angje at A. given.) ; to find: the. 
Bace and the Perpendicular. © 


[7 the fide A Bbe 242 paces, the a at A be 29 deg. oo' ; I+ 
demand the Bace AG, and the Perpendicular , in the Triangle 


T1::To 


-may cauſe ſome inconſiderable difference in the Courſe, when thi 


the Learners ſake, that ſo he may not be at a ſtand when he meets yi 
things not to hit exactly to a minute. 


nents anon - 
9 EE. A. Docs Put 
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t. To find the-Bace AC. 


As Radius, or $ ine C 90 deg. oo! 
Is in proportion to A B the Hypoth. 242 paces 2.35:h 
So is Sine B(the Complement of A to 29 deg.)S 614. 00) 9.9419 


EE 


To the Bace A ON 212 PACES neareſt, 2.32508 


The Bace is not full 212 paces 3 which fra&tion being negledel 


are given to find that, I wote it here as a thing I do on purpoſeh 


2, To find the Perpendicular. 


As Rady or Sine GC 90 deg. 00' | | 
Is to A B 242 paces 2.3h1h 


So is Sine A 29 deg. o0' | 9.6%rl 
To CB the Perpendicular 117 Paces. = 2.06 I 


The Uſe of the Tables of Sines, Tangents, and Logarithms, I ln | 


ſhewed towards the end of the Book, next before the Tables the 
{clves. | 


| Now this may be applied to Sailing, or many other things of ti 
nature. We will apply it'to Sailing. 


Queſt. 1. Admit I ſet from the Lizard ( lying in North Lu 
tude 50 deg. oo min.) and ſal South South Wet 6% 
30 min. Weſterly ( that i, South 29 deg. Weſterly ) 6h 
leagues ; I demand what Latitude 7 am in, and my del 
ture, in the Triangle following, ABC (2.) 


T Et the fide AB repreſent the diſtance run 242 leagues, and 

Angle at A be 29 deg. 00', ( then is B, the Complement of dy 
godegrees, 61 deg. 00”): fo that we have the Angles and one kt 
given to find the fide A C, | | 


= 1. ir 


's 


of Sines, Tangents, Logarithme, and Gunter, 183. 
CA Far the difference of Latitude. 


I 


As 7. C. 90 deg. or Radins, 
ToBA 242 leagues 3 _ 2.3839 
Go is.5, B 61 deg. 00 \ 9.94181 


To AC the difference of La) 
titude required 212 __ 2.32562 
ox. 10 deg. 36' | 


2. For the Meridian-diftaxce B C. 


As Radius or 1. C 90 deg. 00), 

Is to AB 242 leagues; _ 2:38381 
Sois 5. A 29 deg, OO', 9.65557 
ToBC the Meridian-diftance 2.06938 

17 ; 

Thus the Meridian-diftance is 117, and ſomething more; -. the fra-- 
&ion | omit : and this ſhall ſerve for the reſolution of two Caſes in a: 
Triangle 3 namely, when the Angles and Hypothinuſe-is given to find 
the Perpendicular 3 and when the Angles and Hypothianſe is given to 
find the Bace : which things (required ) are repreſented. by the dif- - 
ference-of Latitude and Meridion-diſtance. | 


i 


Note; That s, ſtands-for Sze, t:. for Tangent, s. co. for Sine Comple- 
ment, t. co, for Tangent Complement, co. are for Complement Arithme- 
tical. »Fe« ſtands for more, ---- ſtands for Jeff, = fiands for equa). . 


Note, That if you would find a Side, you muſt begin with an Angle 
If you would find an Angle, you muſt begin with a Side, 


To reſolve the foregoing Queſtion by Mr.Gunter's Ruller. 


7 Oa ſee that the Sine of every Angle is proportional-to-its oppoſite - 
- fide, orthe Convers.. It fiands to-rcaſon then, that as a.ſideis to - 
another fide, ſo is the Sine of an Angle oppoſite to that ſide, in propor- 


tion to the Sine of an Angle oppoſite to. that other . ſide... So that. Vit | 
ay, to find the Departure, | 

AS Radius 5. C, 90 deg... 

Is to &, A 29 deg. oo! 5, 

; "TP 
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Sois AB the fide oppoſite to Radius A B 242 leagues, 
To BC the departure 117 leagues, the ſide oppalite to A. 
Fix one foot of your Compaſſes in 90 deg. ofo on the Line dh F- 
and extend the other to 29 deg. on the ſame... 
With that diſtance, fix your Compaſſes at 242 onghe Line os _ | 
bers, and where the other foot falls under or les than thathmajg ff 
is the fourth number required 3 asB C 117 leagues, ( and why kf 
becauſe from a greater Angle ( namely Radiws |) you extend to it ; 
Therefore from the {ide that is oppoſite to the greateſt Angle, young 
have a els fide 3 for the greateſt fide ſubtends the greateſf Angle, Ke, | 


2. For the difference os Latitude A ©? 


As Redine or Sine C 90 deg. o0', =: 05.5, 
Is to Sine B 61 deg. o0'; | rY jy | 
SO is the diſtance run 242 A Þ, - *- £-+ 
To the difference of Latitude A G 212 Jeaptics. -; 4608 
Fix one foot of your Compaſſes in Radium on the Line of Sint, bk | 
extend the other to 6x dep. 4 
That diſtance ſet on the Line of Numbins at 242, andit readald F: 
a number lefs ; namely, 212, the difference-of Latitude. And i 
you may reſolve any Queſtions of this natureyby Gunter's Rader, 1 - 
You inay tn thele andall other Queſtions of this nature Gaiel 1 
proportions, as when you work by the Tables ( oppolite tides.and 3 
gles one with another ) and *twill do the ſame thing 3 as ſuppokiſj. 
this ſecond proportion wrought ad eco I put As ſides at | 
Angles | in proportion, thus : 
\ As Radius or 5. C 90 deg. | 
Is to A Bthe diftance run 242 leagues > 
' So is 5. B 61 deg. 00! 
"To AC the difference of Latitude 212 Weagues: 
Fix one foct in Redizs on the Line of Sines, and extcrd the ot 
to the-diltance run. on the Line of Numbers: That Gutance car\uf 
61 degrees on the Line of Sines, and fee where the other toot falb0 F 
the Line of Numbers, which will beat 72; 5:45, | 
* Now this way, though as frae:asthe other; vill het rhiehon 
fottic Caſes; beeaufe of the gicat diſtance thatewill beſom:times 3 bull 


| lerveevery one to their own mind;;/for that both "ys beivg may 
and alike true, | OODAE: «> 


ot 


p, ; ©. pe T x 
49 Wi if? : 4 $24 3.5 5133-3 Fe £5 oc MEE) 7 A os ot 
w * 


Fe SEL 4”: - CASE the kevndand thin, | 


? Me FS YL: In the Trieg abc, 
= Ne Race A'Cbe 212 4 _ 

dalear A ie 20 dex; On 

t obs 7 

| oe if A to'go 

Y | confider the Rule, 


of 


T4 


"| (t detiand the 
'< the ſide BG? 


"# & 


"| The Bace and the Angles Yon, to fad the Perpendicular an 
ſe. 


TIS 
at B,ox the Sine of _ ES, 
E- of the Arch Er On, 


Tort, to find the inde £157 

wadilkrB CO 
. As SineB 61 deg. 00'* "0. ar, 2 7 
"Eto AC 212 paces 


 Soisz. 29 deg, or | 
© Tothe Peipendicular BC 7 


As x. co. A 29 FRE 00! 0 ar. 

Is toAC 212 paces 3 

"$0 is 5. C, godep. © SEREE 
ToAB the Hypotkinaſe 40 paces | 


\ 
*1, 
£% 
\ 
; 


: * 
R . * 
Fd 4 
1 £ "7 4 d 4 AY 
. *.% , p d £ 
of F 


2.338451 


Ul 


. * e 


pdt 6! 


As 

1 \, rrrerrareer Li 
0.05818 
2 432633 
9.68557 | 
2,07008 

. - Fop the- onbienſ | ; 

0.05818 
2.33633 © 
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1 84 The Dofirine of right lined Triangles, 


Sois AB the ſide oppoſite to Radius A B 242 leagues, 

ToBC the departure 117 leagues, the ſide oppolite to A. 

Fix one foot of your Compaſſes in 90 deg. oo” on the Line of Sin 
and-extend the other to 29 deg. on the ſame. 

With that diſtance, fix your Compaſles at 242 on the Line of i any 
bers, and where the other: foot falls under or leſs than thatinyn 
is the fourth number required 3 as B C 117 leagues, ( and why leſs? 
becaule from a greater Angle ( namely Radits ) you extend to ak 
Therefore from the fide that is oppoſite to the greatelt Angle, youny 
have a lels fide 5 for the greateſt ſide ſubtends the greateſt Angle, &, | 


2. For the difference of Latitude A C: 


As Radius or Sine C 90 deg. o0', 

Is to Sine B 61 dep. od'; 

So is the diſtance run 242 A B, he 
To the difference of Latitnde A C 212 leagues. 

Fix one foot of your Compaſſes in Radius on the Line of Siner, Ul | 
extend the other to 61 dep. 

That diſtance ſet on the Line cf Numbers at 242, and it reachetht 
a number leſs; namely, 212, the difference of Latitude. And tl 
you may rc{olve any Quettions of this nature by Geunter's Ruler, | 

You may in thele and all other Queſtions of this nature, frame 
proportions, as when you work by the Tables ({ oppolite t:Jcs anda 
gles one with another ) and *twill do the fame thing 3 as ſuppoſei 
this ſecond proportion wrought by Gunter, [| put oppoſit e ſides ant 
Anglcs in proportion, thus : 

' As Radits or 5. C 90 deg. 
Is to A Bthe diftance run 2 42 leagues 3 
| So iss. B61 deg. oo', 
To AC the difference of Latitude 212 leagues; 

Fix one foct in Redixs on the Line of Sines, and cx:tcrd the otit 
t© the dillance run. on the Line of Numbers; That <iſtance canyll 
61 Ccgrees on the Line of Sincs, and fee where the other foot jals (0 
the Line of Numbers, which will be.at 212. 

Now this way. though as true'as the other,. will be txoubleſonti 
fomec Caſes, becauſe of the great diſtance thati:will beſom:times 3 but! 
Ic2vc every one to their own mind. for that both ways being very ak 
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CAE 


E 08 ed. to Plain $ _ | 


© A $ E tho ſev and third. 


he Bace and the Angles given, to od the Perpendicular and 


_ theHy FRONT 


In the Triangle ab Go 


" Et the Bace A Cbe 212 paces, 
, The Angle,at Abe 29 deg. 00'; ([ detnand the Perpendiculd or 
| the ſide BC? 


Then is the Angle at B 61 deg. 00), 
The Complement of A to'90 deg. 


I conſider the Rule, 


that" every 'Angle is 


- proportional to his op- 
proper fide, or that &- 


very {ide is proportio- 
nal to-.the Sine of his 


oppolite Angle. | 
Therefore , putting 


AB for Radius ( as be- 


fore.) BC is the Sine 
of the Angle at A, and 


AC is the Sine of the 


Angleat B,or the Sine of 
m meaſure of the Arch 


I ay then, to find the. 


Perpendicular B C. 
As SineB 61 dep. 00' co. ar. 
Is to AC 212 Paces 3 


So is s. A 29 deg, o0/, 


| Tothe Perpendicular BC 11 7 


For the Hypothinuſe. 


AS s. co. A 29 deg, 00' co. ar. 
| I8toAC 212 paces 3 


So is 5. C. 90 deg. 
ToAB the Hypothinaſe 240 paces 
B b 


* 


155 
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__ 0.05818 


2 432633 
9.68557 


2,07008 


0.05318 


2.32633 


2.38451 


ot xt ates. x PER REAB  eert IIG k PL a. of- a Og - 
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The reaſon why I ſay 5. co. A, is becaufe B is the Complement of 
A to 90 deg. {o that in {aying; 8. co. A,.k takethe Sine of B 61 dy 


/ 


Note, That when Radius is not in the firſt place, you muſt takety 
Complement Arithmetieal of the firſt number or Angle. 


the Tables anſwering to. that number, wants of 9, as you may examiy 
by the things preceding : the firlt of thera, in cach, is not the figwſl 
anſwering to them, but what them figures want of 9. bk 


Now the Complement Arithmetical of any Size, is what the figue; 
t 


- 


Queſt. 2. Admit 7 ſet from the Lizard, Latitude North 
59 deg. oo min. and ſail South South Welt 6 deg. 39m 
Weſterly, that is, South 29 deg. oo min. Weber 1.411 
ter my Latitude 2.12 miles ; I demand my diſt axce run, ul 
departure from my Meridian : 6-H 


Conſider here in the Triangle ( 4 ) 1 have the Ajples andthe a 
rence of Latitude A C given, to find the diſtatcerun, and depom 
from the Meridian. 6 OR Ie 210. OPM 


A i. To find the diſtance run AB. 
| As x. co. A 29 deg. oo' c. ar. 0,058 
IstoAC 212 leaguess |  *' 2.336 
So is Radius 0 LS 


{| To BAthediftance ran 242 2.38 


71 2. For the departure from the Me- 


-ridian BC. 
As. 8 60. A239 deg. Q&' co. are 0.05810 
Is to AG 212 leagues 3 2,326} 
2 | So is 8. At 29 deg. oo' 9.6855] 
B i7 Ec ToBC thedepartue LE7 ; 2,0700) 
5 


' "and dpphied to Plain Sailing: 


By Mr. Gunter, for the diſtance run AB. - 
As x. co. A, which is 5.B 61 deg. o0', 
Is to Radins 3 
Sois A C 212 
To AB 242 leagues. 


2. For the departure B C. 


' As x. B61 deg. 00, 
Is to r. A 29 deg. _ 
.$ois AC 212 leagues, TR 
To BC the departnee 117 leagues. 


0 _ CASE the fourth and fifth. ' + 
The Hypothinuſe and the Bace-givey, to find the Angles, and 
the Perpendicular. 


E-* the Hypothinuſe in the fifth Triangle be as before, A B 242 pa» 
ces, and the Bace be A C 212 paces 3 I demand the. Angles and 


the Perpendicular 2 er oa Toe 
| conſider Rill the old Rule, That if the Hypothinuſe be put for Radius, 


. then AC is the Sine of the Angle atB, and B C is the Sine of the Angle 


aA, and AB is the meaſure of the Sine of the Angle at G 90 deg. 


D 


"hy Ns - 
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Therefore for' the Angles - 
As BA 242 co.ar. 7.61618 
Is to Radius or 5. C 90 deg. | 
Sois AC 212 paces 2.32633 


To s.B 61 deg. i 9.94251 

And this 61 deg. 10' is occaſioned to be ten minutes too m 
through the negle& of the fraction of the parts of a unite in workiy 
for the ſides: before in the three Gaſes already handled. I noted 
reaſon why 1 did it ſoonce before, that when a Leamer comes to lf 
ſuch an errour in his work, he may know how it comes to paſy, ji 
hope no body will carp at me-for this for*tis.a mental Reſolutig: 
and I think the reaſon for it will ſtand good to any judicious perſm, 


Next, for the Perpendicular BC. 
1 may ſay; As Radius C 90 deg, © 


Is to BA 24234; © © 2.3838 
So. is.s. co. B 61 deg, 9.68557 


ToBC 117 paces. EEE ">: 
Ee ns 


But admit I uſe the Angle found 61 deg. and 10 , to find the b 
pendicular, and fay, | 


As Radits or 5. C 90 deg. 
Is toB A 242 paces3 2.38381 
Sois 61 deg. 1O' Fs. cos B, - 9.68328 


To BC 117 paces. '.  2,06709 
This may convince you, that *tis the fra&tion of a unite that pb 


the Courſe out 10' of a degree. But if you will work to the tenth0 
hundredth part of a unite, ſce before the Tables. 


Qu. 
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Queſt 3. Admit T ſet from a certain Port, and ſail upon ſome 


point between the South and the Weſt 2.42 leagues, till I 


alter my Latitude 212 leagues or 10 deg, 36 min. 1 de- 
' mand my Courſe and departure from the Meridian > 


His Queſtion is as though the 
_ T Pa diuler and the Hypo- 


iy.  thitſe were given to find the An- 
0 fol , ples and Bace 3 which differs not 
nl the former Cafe in operation, 
| but onely in the fianding of the 
' Angle: and Iet it thus, that you 
may ſe it's the ſame thing in ef- 
F ka: fr, 
| | put BA for Radims, then is 
B Athe Sine of the Angle at C, or + 
Radix; and AC is the Sine of the 


Angle t B: fo that, % 5 « 
| For the Angles. 
'Þ | As AB 242 leagues eo, ar. 0: 7:6x618 
; I Is tos. C Radims 90 deg. To 
- $0.is AC 212leagues, the difference of Latitude, 2.32633 
To 7, B6r deg, wo 9.94251 
OI For the Departure BC. 
As Radis 
Ito AB 242 leagues ; 2.38381 
_ Soiss. A 28 deg. 50' | 9.68328 
that To BC 117 leagues. 2.06709 
6» Mr. Gunter's Ruler : Firſt, for the Angles. 
welt | As AB 242 leagues, 
G Is to AC 212 leaguesz 
So is 5. C go deg. oc), 


To s.B 61 degs 10', 
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Fix one foot of your Compaſſes in 242 on the Line of Num 
and extend the other to the leſſer number 212 : carry Gat diltance 
Radix, aud the other foot will fallin 61 deg. 10" 5 which is. | 


Next for BC. 


As Radius 

Is to Fs. A 28 dep. 50' 
So is A B 242 leagues, 
To BG 117 leagues. 


CASE the ſixth and ſeventh. oF 
The Bace and Perpendicular given, to find the Angles ant th | . 
Hypothinuſe. £ ©. 3 


” Et the Bace in the ſeventh Triangle be A'C 212 paces, and ty 
Perpendicular CB T demand the Apgler and the Hypathinuſe? I 
In -this caſe things be ſo given, that you.cannot put them in an yp 

polite propartion 3 for you have.two ſides given, but nothing oppali 
o cither of them: therefore we muſt find another Rule to work then 

y. 
| have ſaid before, that any of the three ſides may be put for I» ih 
dizs, ard the other ſides ſhall be as Sines, Tanpents, or'Seeants, by then 
repreſented. Now the ſame proportion thefiwde put, as Rains hat | 
to Radix, the ſame proportion thall the other lides have'to the Sin, I 
Tangents, or Secants by them meafured. 4 on 


In this caſe put AChr 
Radius, or the Semi-diant i 
ter of the Circle: the Sk 
was made by, or the whit 
Ste 3 and then BC is tit Þ 
Tangent of the Angle. at 
and the Proportion wil 
ſtand thus : 


A C As theſideputforRad.hb 
Is in proportion to Radius or Sine C 90 deg.'o0' 3 

So is B C the meaſure of the Tangent of the Angle.at A, 
To the Tangent of the Angle at A. 


And | 


Fi 


Ez _ > 7” * >” 


and applied 19 Plein Sailing. © 91 


otl And this is evident, if you look upon the projeRion of the Tangent 
| Line where O'B is the Radins the Scale was made by, and BS the 


meaſure of the Angle B OS, or the Tangent of the Arch R B. 
| Therefore fer the Angles A and B. 


As AC the Bace 212 paces C0. ar. 7.67366 
''fs to Radius or Sine C 90 deg OC! 3 | 

- SaisBGC117 pace, _ 2.06318 

I To the Tangent of the Angle at A 28 deg. 54' 9.74184 


Whoſe Complement to 90 deg. is B 61 deg. 6', 


Mex, for the Hypothinuſe. 


© Feonſider withr ey felf,- that 1 have given all the Angles of the 


Triangle A C B, and two fides: I fay then, 


As Sine B 61 deg, ©0' co. ar. 0.05776 
''' to AC2r2paces3 2.32633 
So is Radius Or I. &@ 90 deg. ocf _ aroſe 
To the Hyporhinaſe A B 24.2 paces. 2.38409 


Queſt. 4. Admit 7 ſet from a certain Port, and ſail upon ſome 


Point between the South and the Eaſe, till T alter my Latitude 
\ 212 wilts;.or 3 deg. 2m min. aud depart from my Meridian 
. 17 miles; I demand my Coarſe and diffance'ren.. 


Yds but as it were the Cafe before applicd to plain Sailing : fer 
7 - in che Triangle: ABCis given the fide AC 212 leagues, ind 
len, © Cs 


. Firſt, for the Angle : Tput BC a5Radius, and ſay, 
As the fide put for Radiw BC. 117 leagyes co. ar. 7.93181 
I5 to Radius or Sine C 90 deg. 
SoisG A 2x2 leaguesz. _ 2.32033 
Tor. B 61 deg.. oo! TI 1025914, 


The 
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—— 1C The bearing of the other place fromy, 


| "\ ; Northermoſt Ship, which is Eaſt 61 "nr 
H | ” : Southerly, And thus you have ſeen hf - x 
" any of the three ſides may be put for pf 2; 
| "8 dius, and the other ſides (hall be as Sing; 
WT Tengents by them repreſented. I willy {# 
At meddle with® Secant, it being needg} 1 
"ol F all wit being better done, and wiſh y 
We more eale, without it. - BW 
{4 Theſe Angles being found, we'll 
[al i - find the diſtance run AB. 
\18 As Sine A 29 deg. 031} - 
TAR Is to BC 117 __—_ 2,06h 
"RAN So is Radius or 5.C 90 deg, — 
il To BA 242 leagues. 2.3% 
ny ; | 4 
\W4'H | nn 
LAT The ſame by Gunter's Raler. \ 
WIN Firſt, for the Angles, I put B C as Radius, and ſay, 
 AsBC 117 leagues, Ee 
Is to C A 212 leagues | 
So is Radius t. 45 deg. WM 
To #. B 61 deg. oo'. : as 
Fix one foot of your Compaſſes in-117 leagues on the Line of Nu 


bers; and extend the other foot to'212.3 with that diftance foe 
foot of your Gompaſſes in 45 deg. ( which-is the Radins of a Tay) 
and where the other foot falls, is the Tangent of the Angle at B an 
45 deg. namely 61 dep, oo' :; for if your tixſt extent was from a \dt 
number to a greater, as from- 117 leagues to 212 leagues, the tl 
mult give for the fourth a greater than it (elf ; as here Radins or t.4 
deg. gives the Tangent downwards increafing- In working by al} - 


gent Line, be very careful to conſider of theſe things. * | 


Next, for the diſtance run A Þ. 


As s. B 61 deg. 

Is to Radirs or Size C go deg. 
So is CA the difference of Latitude 21 2, 
To B A the diſtance run 242 leagues, 


and applied to Plain Sailing, --- I 


- Fix one foot of your Compaſſes in 61 deg. on. the Line of Sines, 
and extend the other to Karim 5 that diſtance carry to 212 on the 

- Line of: Numbers, and ſee how much it will increaſe it ; it falls at 
242 leagues. | ' 


| 
| | 
Here F might in the next place ſhew the working of a Travers by | | 
the Tables and Gwnter's Rule, but let this ſufhce: for the working a . | 
Travers, is but doing the ſame Caſes divers times, and is very tedious 3 
your own reaſon will give you the doing of itz the Tables of Longi- , | 
tude and Tatitude be far better. | 


CASE the Eighth. ” 


The Baſe of a 7 riangle given alone, the Perpendicular and the 
' Hypothinuſe given together, to find them ſeveral. 


| 
"nl 
Admit the Baſe of a Triangle be A GC 212 foot, the Perpendicular and [ | 
 Hypothinuſe of tbe ſame Triangle be together 359 foot I demand them 
ſeveral, and the Angler. | 


Baſe 212 foot, and raiſe a Perpendicular from any end of it ( as | 
here from C ) and upon it ſet off the Perpendicular and Hypothinuſse, as | 
they are given, in one ſum 359 foot from C upon it, and it reacheth [| 
to.D 3 draw the fide DA, and it makes the Triangle CD A ; divide þ | 
the Hypothinuſe A D into two equal parts by the Perpendicular E H, 


I 
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a 
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Q 


H-. P:, i. 4 


E3 the protracting this by the Plain Scale, lay down C A the 


OO By the Tales. oo 
Lconfider that I have given me in the Triangle D C A the Perpen- 


Gicular D E 359 foot, and the Boſe C A 212 foot, whereby I find the 
Angle at D (as by the fourth Cale.) ho 
| ws 


| Cc 
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Thus putting D C for Radius, 


As DC 359 foot cv. ar. 9.4449 
Is to Radins 3 

Sois AC 212 foot . 2.3263. 
Tor.D 3o deg. 34 9.7712. 


Now this Angle at D (abſtracted from 90 degrees, leaves the 4y} 
q DAC 3 from which, if you ſubſixa&t the Angle B A O, ( whichb+ 
[7h gual to the Angle found at D) it leaves the 4:gle CAB 28 dv 51 
wil | So that now we have the Angler of the Triangle A C E, and the By 
C A, to find the Perpendicular C B, and the Hypotbinuſe 3 A, as is ew} 
ed in the ſecond and-third Caſe of Right angled Triangles. 


_ - Therii 


and applied to Plain Sailing. =o 95 


© © Therefore for the Hypothinuſe AB, 
As7. B61 deg. ' the Compl. of OAB to go deg. co. ar. 0.057622 


Is to C A 212 foot 3 2.326335 
Go is Radius Or 1. C 90 deg, own = woos 
To AB the Hypothinuſe required 242 fect, 2.383957 | 
Secondly, for C B the Perpendicular. | 
As 5, B61 deg. OB! co. ar. 0.057622 iſ! 
ktoCA 212 foot 2.326335 8 | 
So is 5. A 28 dege 52', 9.683743 
| ToBC the Perpendicular 117 miles. 2.067700 
The ſame by Gunter's Ruler, _ 
Firſt, for the Angle D. 
As D C 359 foot, 


Is to AC 212 foot 
So is Radius or Ct. 45 deg. 
To x. 30 deg. 34. 


Set one foot of your Compaſſes in 359 on the Line of Numbers, and 
extend the other foot to 212 on the ſame : carry that diſtance to the 
Radius of your Tangent-line 45 deg. and where the other falls on that 
Line, is your defire, A, | 


© Next, for the Hypothinuſe, 
| As 5. B 61 deg. o8', 


Is to Radius 5. D 90 deg. 
' Sois CA 212 foot, 

ol : ToBAzga foot. 
( : 
f  *._ ___ Laſtly, for thePerpendcular. 
af As. B 61 deg. o8' CBA, 

Is tos A 28 deg. 52/ CAB, 

Sois C A 212 foot, 
. To BC 117 foot ( the Perpendicular. ) 


Examples of this nature I haye ſhewed in the Caſes before haridie0_. 
0 Which I refer you. Cc 2 Quett. 


* 
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ueſt. 5. Admit I fet from a certali Port, and fail won ſome 
bet between the South and the Weſt, till I alter my pm 
\ 3 deg. 32 min. or 212 miles, aud my diſtance that I hyy 
run, and departure from the Meridian, together be 359 miles, | 
1 demand them ſeveral, and the Courſe made good > 


His Queſtion is laid down by the Plain Scale, as the preceding | 

Caſe isz A C being the difference of Latitude, CD the diftany 
#1, and Meridian-ditiance, D A the Hypothinuſe of the great Triangh 
divided into two parts in the point O, by the Perpendicular-line Ef 
and ſo cutting the diſtance run and Meridian-diſtance together in the 
point B ; ſo that BA being drawn, it is equal to BD, ( and naks 
the Ships diſtance run ) and B © her departure: for AB being equi 
to BD, it muſt with BC be cqual to BD ( the diſtance run and 
parture: ) mcaſure them and the Ang/e B AG for to know the Court, Þ 
as a common Triangle. 7 


FT) 
TIT 
66289 gee 
a 


\ 


j 


— Fo refolye this by the Tables, or Gamter, *cis the ſameasthe - 
Was.. 


* 
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You have given A C the difference of Latitude 212 miles, and CD 


the diſtance run, and departure together, 559 miles, to find the Angle 


ab wo | 5 
© Putting DC for Radlus, 7 ſay then, 
'  AsDC 359 miles . ar. 7.4449 
Is to Radius 90 G 
Sis A C212 miles, 2.3263 


Now this ſubſira&ted from 90 deg. leaves the Angle DAC; from 


which, if you ſubſtra& the Angle O A B, which is equal to the Argle 


D found, the remainder is BA C the Ships Courſe, which is South 


28 deg; 52! Weſterly. 


So that now we have A C given, and'C B A ( the Complement of A. 


* t 


to go deg.) 61: deg. 05" to find BC and BA. 


Firſt, for the Departure B A. 


As 5.C BAG: dep. OS co. ar, 0.057622 
Iz to AC 212 miles 2.326335 
Soiss.BAC 28 deg. 52 9.683743 


To B C the departure 117 leagues. 2.067700 


- Secondly, for the Diſtance AB. 
As 5s, CBA 61 deg. 08' co. ar. + 0.057622 


Is to CA 212 leagues3 . 2.326335 
So is Radius _ - 
To BA 242 leagues. 2.383957 


' CASE 
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CASE the Ninth. - 
The Angles of a Triangle being given, diſtinguiſht, and the Sidy 
or in jg fam, 5, find the Sides feet 


Ta the Triangle following ABC, let the Angle at C be a Right gle th 

Angle at A be'38- deg. 52', then is the Angle at B 61 deg. 08', ay 
let the three fides of this Triangle be 571 foot, or paces, leagues, x 

.miles (which you will ) I demand them ſeveral ? | | 


B *O reſolve this Queſtion, | Þ 
T gueſs at 0 rn 
| of the Triangle that I woull 
' find the ſides of; and her] 
gueſs that the Baſe of thisTi 
angle may be 1903 and wit 
this gueſs, and the ag d 
| Rinaly given { in the Queſtim 
A, | + dog C or Cale) I lay ray. Trþ 
angle A B C whoſe Boſe AC is 190, the, Angle at A, 28 deg. 52), ths 
Angle at B61 deg. 0S', | Fo 


D  — 


Firſt then, for A B. 
As s. B 61 deg. ©8' co. ar. 0.057622 
Is to AC 1905 2.278753 
So is Redins C 90 deg, 
ToAB2ri7 : 2.336375 
Secondly, for BC. 
As So B G1 deg. 08! C0. afro | 0,057622 
1s to AC 190; | 2.278753. 
SO is 5. A 28 52 | 9.683743 
To CB 165 2.020118 
| 1 new adde theſe ſides found to the gueſſed fide, and ſee if my Wai | 
be right or no.- . The Baſe AG 19} 
Here I find that the fides of this The fide AB 2} 
Triangle are but 512, and they The ſide CB 190 


ſhould be 571, PII fay then, Their fam 50 


1f 512 the fum of the ſides of the Triangle guefled, co. ar. . 7.29072 


Gives for his Baſe AG 190, 2.27875 

What (hall the ſum of the given ſides 57 1 glye for the Baſe ? 2.75663 

: Facit 212 2.32610 

| So that now. we have the Baſe of the. Triangle required, and .the 
; Angles diſtinly, to find the other ſides, or to lay the Triangle truly 
down by. the Scale, I'll leave the praQice of it to your ſelf. And to - 


reſolye it by Mr. Gwnter's Rule, it's what I have ſhewed before, except- 

' the laſt Proportion; and for that, | 

| Fix one foot of your Compaſſes in 512 on the Line og Numbers, 

and extend the other foot to: 190 : . that diſtance carry to 571, and ſee 

what the other foot gives leſs--- Facit 212, I write Facit, for that in-- 

deed *tis the'Rule of Three, and might have been reſolved that way 
. Tooner3 but we are treating of the Uſe of the Tables of Sines, Tan- 


gente, and Logarithms. 


Can a 


—_— SOIT RF. 


ad o —— 


Ec» DT” I 


CHAP. XXVIL - 
Of Oblique Triang les... - 


bY FITS BE CASE 1. 
Tie Angles of a Oblique Triangle, with one of the Sides zven, 
to y 5, prog pa. "A ; edi f 3 | | L4 


Ii the Triangle ADB, let the Angle at A be 29deg. zo, the Angle at 
B 36 deg 56', the Side BD be 200 paces 3 - and let it be required to 
. find the Sides DAand AB.. 


I. VOr the . reſolving any Queſtion: of this kind, the firſt General : 
Rukc is to be-oblerved 3 and that was, That-in all right lined -- 
Triangles, whether right angled or not, 


05 | _ A cGeneral Rule. 
The Sine of every Angle is really proportional to bis oppoſite Side,. or every 


Side 
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Side it proportional to the Sine of bis oppoſite Angle. And therefore, 


4 * 4 


@ 
For AD. 
As 1. A 29 deg. 30' cv. are 0.30766. 
__ © Is to DB 200 paces 3. 2.30103 
: $0 is 5.B 36 tg. 56" 'F 9.77879 
To DA 244 paces. - 2, Hog 
Next, for the Side A B. 
ArAndegaus ct 1 oo. 0.306 
Is to'DB 200 paces 3 SES hn 2.3010 
So is 7. D its Compl. to'189 deg, 66 deg-26 ADS, 9.9611 
To A B 372 paces,  a5700 


The reaſon I take the Complement off the te at.D ta 189 d 
is, becauſe the Sine of an Angle gteater than go deg. 3s'alf6 
Sine of an Angle as much le(s. "He Tables go to 90g 4odi 
this ſence to 150 2 


; gon” : rv 
by ( 


and applied to Plain Sailing. 201 


| eb. 6. Admit there be two places in one Latitude or Paral- 


41, diftant 72 leagues ; a Ship ſets from the Eaſtermoſt of 
theſe places, and ſails Weſt 36deg. 56 min. Northerly, that 
s, North Weſt by Weſt 3 deg 11 min. Northerly, and meets 
with a Ship that came from the Weſtermaſt place, and had 
failed Faft North Eaft 7 deg. Northerly, that is, Eat 
29deg. 30min. Northerly ; 1 demand each Ships diſtance 


run? | 
N the preceding Triangle I have the fide B A given 372 miles, the 
Angle at A 29 deg. 3o', the Angle at D 113 deg. 34', the Angle at 
B 36 deg, 56'. 
For the Side D B, the Eaſtermoſt Ships diſtance run. 


As1.D 113 deg. 34', its co. to 180 deg. 


ADS 66 deg. 26' co, ar. _ - GOJ708 

Is to A B 372 leagues 3 | 2.57054 
$018 5. A 29 deg. 30' | 9.69233 
ToDB 200 leagues. 2.30069 
| Secondly, for D A. = 

AS1. ADS 66 deg. 26” coar. 0.03782 
kto AB 372 leagues 3 2.57954 
90s 7. B36 deg. 56' 9.77879 
To AD 244 leagues. 2.38715 


To perform the ſame by Mr. Gunter's Ruler. 


as s.D-113 deg. 34', its Compl. to 180 deg. ADS 66 deg. 26', 
Is tos, A 29 deg. 3O'5 

So is AB 372 leagues, 

To DB 200 leagues. 


Set one foot of your Compaſſes in 66 deg. 26' on the Line of Sing 
| Dd an 
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and extend the other to 29 deg. 30' on the ſame Line with that dj. 


ſtance: {xt ons foot of your Co ompaſſes.in $72. on the-Line of Nur t 
bers, and -$ other will give the lcſfr number 200. : 


\ 


Secondly, _ X D. 


As . ADS 66 deg. 

Is to 5+ B 36 deg. + 

So is A.B 372 leagues, 
 ToDA 244 leagues. 


Set one oat on 66 26 in the Line of Sznes, and extend the Y 
to 36 deg. 26' on the ſame Line that diftance: (et in 372 on the Lin þ 
of Numbers, and you have the leſſer number 244 miles, 


CASE 2. 


Two Sides of a Th riangle, with an Angle oppoſite to one of then, 
grven, to find the other A noles, a the third Side. 


In the Triangle ADB, Je A B be given 372 paces, the Side DB beta 
paces, and the Angle at A be2g = 30', I demand oy other Angl, | 
ang the Side DA, 4 


To find the es 

As BD 200 paces co. are 7.69896 
"to ;. A 29 deg. 30'3 Ow 19-6923 
''Sois AB 372 —— 
:To 57.D, its co. to 180 deg. 66 deg. 26'. 0 9.961h | 

I ES _ Wh for-the Side BY. 

| 7 ETA os 4 Az9 4.30 
C0: 8h © T ge 


Isto B D 200 pac. 2 ,zolo 
Sois iD 66 4.26" 99641 


To AB 372 paces. 2.570] 
4 : ; : RY The : 


——_} = NR kh 
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The Angle at D being thus found ( as you ſee above ) you are to 


* note, that *twas the outward Angle AD O-that was 66 deg. 26', and 
muſt be ſubſtraced from 180 degrees, and then you have the Angle 


ADB 113 deg. 34'. Now to this you adde the Angle at A 29 deg. 30', 
and ſubſtra& that ſum from 150 degrees, and tt leaves the AngleatB, 
(if you have occafion for it ); but here is none, unkc(s it be to prove 
by it, that the outward Angle A D O was found right, - 

Admit you queRtion it then: You'll ſay, the Sine of an Angle grea- 
ter than 90 degrees, is alſo the Sine of an Angle as much Icfſer 3 and 


therefore | know not but it may be the inward Angle ADB that is 


found : for that is juſt as much greater than go degrees, asAD O is 

leſs than 90 degrees. | 5 as 
Toanſwer this doubt, you, know that the three Angles of any right 

liaed Triangle, is but 180 deprets, - Plltherefore - 


I, E: 108 ET | deg. min. 

Adde the Angle found, which is ir diſpute here,” © 66 26 
To the Angle given in the Queſtion, A 29.30 
And it makes the two Angles to be 95. 56 
Now them ſubſtracted from 180 ©o0 
Leaves for the Angleat B Re. 84 4 


Which is more than cither of the two lefſer Angles are. 


Now this cannot be, becauſe the greateſt fide ſubtends the greateſt 


Angle : AB then is the greateſt ſide, and therefore the Angle found is 
the outward Angle A D O, and muſt be ſubſtrated from 180 degrees, 
and then you have the inward Angic ADB 113 deg. 34, which is the 
greatelt Angle. , TE 


- 


| Queſt, 7. Admit I ſet from a certain Port, and fail Weſt 36 


deg. 26 min. Northerly; now there is another Ship in the 
fame Latitude, and diftant' 372 leagaes, that ſails 24.4 
leagues and meets me : 1 demand my own diſtance run, and his 
Courſe 2 by EO 19? Bi 


] the preceding Triangle, we have given the Angle at B 36 deg. 


36", the ſideB'A-47 3 leagues; ati the fide' AD to find the Angles, 
nine Dy <= nt 3 or hn lt 2 on A 


% 


( 


! eZ 
of 27g / . Dd 2 Firſt, 
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Ou Firth, for the Angles. | 
As AD 244 leagues co. «r. | 7.61261 
Is to 1.B 36 deg. 56'3 977879 
Sois AB 372 leagues, 2.57054 
To s.D 66 deg. 26. 9.96195 


If you ſubſtra& the Angle at B from 66 deg. 26', you have the 4x 
gle at A 29 deg. 30'. The Complement of this to 180 degrees, istk Þþ 
Angle ofthe Ships meeting, 113 deg. 34' ADB. | 


Next, for the Side D B. 


As 5, D 66 dep. 26' car. 0.03782 
| Is to AB372 leaguesy * 2.57054 

So is, A 29 deg. 30' / 9.69233 | 
| LOEOSS: 

ToD B 200 leagues. 2.30069 


The ſame by Gunter's Ruler. 


Firft, for the Angles. 


As A D 244 leagues, 
Is to A B 372 leaguess 
So is 9, B36 56 


Set one foot in 244 on the Line of Numbers, and extend the oth: | 
fo 372 on the ſame: that diſtance carry to 36 26 on the Lined 
$ines, and the other foot will fall at 66 deg. 26/. 


Secondly, for the Sides. 
As 5.D 66 26, 
Is tov. A 29 deg. 30'; © 
So is A B 372 leagues, 
To DB 200 leagues. 


| Set one foot in 66 26 on the Lipe of Finer, and extend the other 0 
26 deg. 3o' on the ſame: carry that diſtance to 372 on the Line 
Nyrmbers, and the other gives 260 kagues, which is a leſs panes 


=, I 


' fides AB, and it cuts off 
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| | CASE}. 
Two Sides and the contained Angle given, to find the third Side 
 . and the other Angles. 


Le there be given in the Triangle ADB the Side AB 372 paces, the Side 
AD 244 paces, the Angle at A 29 deg, 30', and let tbe Angles B and 
D be required, or the Side D B. 


N this Caſe you have things fo given, that you cannot put them in 


] oppolite proportion, but muſt find ſome other Rule co work by. 
| Thereforegake the length 

of the (hortelt of the given 
fides D A, and ſet it off up- 
on the longeſt of the given 


the difference: of the two 
ſides BI. Now, FR 


General Rule, 


Ar the ſum of the two fides containing an Angle, is to the difference of 
thoſe fides 3 


$0 is the Tangent of the half ſum of their oppoſite Angles, 70 the Tangent * 


of balf their difference. 


So then, as the ſum of A B + A D, the given ſides 616 paces, - 
Is to their difference 126-paces BI 3 | 
$0 is the Tangent of the half ſum of Bt D 75 deg. 15', 


Tot. half their difference. 


Now when this half difference is found, -if you adde- it to the:half 
\um, it will make the greateſt of the Angles required, namely D-z if 


| you ſubftract it from the half ſum, it makes the leſſer Angle at-B. 
- But you may ask how the half ſum of the unknown Angles is found 
| to bes deg. 15? 


You know the three Angles of a Triangle is 180 dep. oo! 3 then if I 
have one of the Angles known, and ſubſiract that from the ſam of che 
three Angles ( which is 180 deg, 00'-) the remainder muſt be the 0+ 
ther two; the half of which, is the ſum required. 

A320 Examples 


— 
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Example, Ss. deg. mv, 
The three Angles is . 180 9g 
The Angle given is A, ſubſtract it O29 y 
: The ſum of BandD is _ Ho > 
The half of which is | "BY 


Theſe things premiſed, we proceed to the operation. it EE. «7 


For the Angles D and B. | 
As the ſum of AD+tAB 616 cos ar. 7.21041 = 
Is to their difference IB 126 3 -- - - - 2.10037 
So ist. half ADBtB 75 deg. 15 det 10.57958- 
To t. half their difference 37 deg- 50 . 9.89036 4 
| | deg. min 
Now this found .37 50 
Added to the half ſum 75 15: 
' Gives the Angle D REM 113 O5 
Or ſubſiraced from the halt ſum, hh 
leaves the Angle at B c T7: BY 
The odde minutes of a degree that it differs from the Queſiionls 
fore, is occaſioned through the negled of the fraQtion of a unite in tnd 
ing the ſides 3 which-I omit for the Learners fake, that he may.notk Þ 
puzled when he finds it fo. | 
Next, for the Side BD. AY: 
As Sine B 37 35: 6 ar. 0 2 0221637 © ON 
Is to D A 244 paces3' 2126939 | 
So is Sine A 29 dep. 30' | : 9.69233 
To DB 199 paces. 2.29608. * 


And thus .you have the fixſt. Rule to help ont wheee-it: doth mt 
wholly do-the Caſc'z and you ſee the errour-of the negle& of theft 
tional parts of a unite, which'in ſhoxt diſtances would: not-be fo gti 
in the lides. | Quell. 
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KF eſt, 8. Admit there be two Places that bear Eat North Faſt, 


= ET ** 


=» wW 
| —- 


and 3 deg. 11',or Weſt by North 3 deg, 11! Northerly, .* 


| br. Dits wo, to 1902 © 


toAB372 miles; 2:5705 
| Sis. B36 deg. 56. 9.7787 


Na for any other of this 


ad Weſt South Weſt one from the other, and are diſtant 372 
leagues ; a Ship ſets from the Eaſtermoſt of theſe places, and 
ſails Weſt 1.4 deg. 26 min. Northerly, 200 leagues : I de- 
mand the Ships diſtance fr om the W, eſt ermoſt P ort, aud how 
far he is from 1t ? FD 


I this Queſtion we have given in the folowing Triangle AD B, the. 


fide B A 372 leagues, the ſide B D 200 leagues, and the Angle at 
B36 deg. 56': for if B A be Welt South Weli, and BD be 14 deg. 
26” tothe Northwards of the Welt, then the Angle at B mutt be two 


points and 14 deg. 26' more, which is 36 deg. 56', or three points, 


To find the Angles D and A then. & 


As the lum of DB+BA 572 co. or. 7.24260 
Is to their diflerence 172 leagues 3 ER i 2.23552 
, isthe 2. of half D + A71 deg 32. 10.47632 - 


Tothe #. of half their difference 42 deg.. o0' - RET XY YR 
Which added to the half ſum. is 113 deg. 32! ADB. 
Or ſubltrated from it, is 29 deg. 30' the Angle at A. 


Next, for the Side BA. 


deg, 66 4.28 co.ar, CE al _ 


Þ DA 244 leagues. 2.3869 


| 190G $00-0tALD he P 
+ The ſame by Mr. Gunter's Ruler. 


Asthefamiof DB tBA J72 miles ox ces or what vou do it by.: 
btotktir difference-172 , pa q \ | YO a 


——  ——— —  —————— — D ——_—_—_—_— 
E——  — — — —  —————— — — 
0 — OI YEE GEES. AL TI TI Oe eo ——<x——— = <R__  E 
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So is the tr. of halk DTA 71 deg. 32/ 
To the t. of half their difference 42 dep. o0'. ? 


Which added to the half ſum, makes the Angle at D 13 arg, 11, | 
Or ſubliraQed from the half ſum, makes the Angle A 29 deg. 2, 


Next, for B A. 


As s. D its Compl. to 180 deg. 66 deg. 28', 

Is to £. B 36 deg. 56'; | 

un. So is AB 372 miles, 

A | ToD A 244 leagues. 

tt .For the doing the firſt of theſe, T ſet one foot of my Compaſs 

1481 if 572 on the Line of Numbers, and extend the other foot to 172: thy 

1 diſtance I ſet upon the Tangent-line at 71 deg. 32', and ſet my Con 

paſſes upwards towards the Radius of the Scale and count how nad i 

It is leſſer, arfd it falls at 42 degrees, | 
Note, That a Tavpent-line goeth from 1 upwards to 45 ( its Rudy iſ 

and ſo downwards increaſing to.99, which made me decreaſeinmÞ 

diſtance ſet upwards. 


Next, for the fide BA. 


1 ſet my Compaſſes on the Lineof Sines at 66 deg. 28, and extal 
them to 36 deg. 56': that diſtance I ſet on the Line of Numbers 
372,and the other foot falls at.2 44 3 .a leſs number, becaule theſe þ- 
Angle was a leſs Angle. | 


- —GASE 4 
. The three Sides of a Ti riangle given, to find the Angſe. 


Tn the Triangle ADB, let the Side AB be 372 paces, the Side BDk [ 
200 paces, and the Side AD be 244 paces 3 I demand the Angle! 


F: | \ X/ ft 
Wt the Trig 
*..D. down, I take thee! 


of B D, and cut the 
B A in the point Ra 
AD in L, as is done 
the Arch LR; all 
ct. fall the Perpendy 


_ ——> — 72 T> 


= = 2 —— 


. 6nd applied 10 Plain Sailings,;1 ,, 209. 


lar oh hich falls in the middle between B and R, ha B D 
and D R are cqual, an4.Q.N the Perpend? cla common to them both, 
This done, I frame this General Rule. MEE: 


General Rule, making A b the tr ue «Baſe. 


As the ſum' of the true Baſe AB, : 
Is tothe ſom of the other two ſides ( added together Ty 
So is the difference of the two fides LA, | ny 
To the alternate Baſe RA. 


Now. this alternate Baſe being found, I ſubſtra& it from the-true Baſe 


AB, ind the” remainder 'is R B, the half of which is OB:: :(o that 


now in the right angled Triangle DO B, right avgled at, you: ks 
OB given, and BD to.fhnd'the Angle at B, 7 

Ifay then, As DB is in proportion to Radiw, ſois B Oin propor b, 
tion to 6, O DB, the Complement of which is A B D. Then for the 
other Angles; As AD ( given in the Queſtion) is to 8. B ( the 4n- 
gle found: )3 fo is BD ( another ſide given inthe Queſtion ) to 5, Az 
"wy n 6 (OF. A DB C.its EEE] t0.190 COgrees. ) 


| opt Faeaple.. RI = Þ9.0 
' As he fun of AB 372 PACES, C09. ar, AES DC BMIOET. 
Isto the ſum of BD + DA 444 paces 3 2.64738. 
So is LA thcir difference 44, ng 
F To R A the alternate Baſe 52 paces. I,7 2028. 
Which ſubſtraQed from AB 372 paces, | 
Lavs RB 320 paces 3 


The half of which is OB 160 paces. 


_ Andnow have OB and BD in the right angled Triangle B OD; 


to find B, 
As BD 200 paces | C0, ar. 7.69896 
Is to Radius or 5, D O B3 | Eh: | 
\ S0is OB 160,. . | bg 1 2,20412: 
To x, co, QDB, which is the 9. of B 36 53+. G __ ' , 9.90308, 


% TR a - 
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Laſtly, for the other Angles. 
' AsD A 244 paces, ca 7.61261 
Is to es. B 36 deg. 533 9677827 
So is BD 200 aS G 2-3 O03 
To 1. A 29 deg. 29'. 9.69191 
a. | is wks 
This Angle at A here found 29 29 
Added to the Angle at B, © > _ $3 
Makes ADS; 66 22 


Which is the Complement of AD B to 180 deg. 113 38 


And thus we have reſolved all the demands propounded in th 
Queſtion. The like is to be underſtood of any other of this t, 


Queſt. 9. There be two places in one Parallel or Latitude & 
ant 372 miles; a Ship ſets from the Eaſtermo#t of thi 
places, and ſails upon ſome point between the South andit | 
WefF 200 leagues, and meets with a Ship that came fromthe | 
Weftermoſt of theſe places, and had ſailed 63 leagues: It 
mane each Ships Courſe 2 


| N this Queſtion I hare 


\ ro AB 372 lagu, 
the Side BD 200 league, 


and the Side AD 24 
leagues, to find the 4 
gle. So that it js tit 
" very ſame as the pre 
dirg Cafe was, and 

wrought the ſame way. 


I fay then, to find the alternate Baſe L A. 


As AB 372 leagues, ; «42 
Is toBDTDAq44;  * ly 5-3 
 Sois RA difference 44, 1.6434 


To LA the alternate 52. 1.7202 This | 


s | 


and applied to Plain Sailing. 
This 52 here found, ſubſtraQed from AB 372 


| Andit leaves LB 320 
The half of which is O B 160 
So 7 have OB and BD to find the Angle at B. 
s$B D 200 co. ar. | 69896) - | Þ | 
> Radars Es The Eaftermoſt Ship 
GisOB 160 | 2.20412> failed $ W by W 


| -\ 3 deg. 08' Southerly. | 
To 7.co, ODBors.B36 53 9£-90308, | 


Laſtly, for the other Angles. - 


As D A 244 leagues, co. ar. TOMS ok on ti 
Istosr.B 36 deg. 53'3 9.77827( This Weltermoſi Ship - 


$0 is BD 200 leagues, 2.301032 failed E SE 6 deg.. 
59! Southerly. 
Tos A 29 deg. 29. ' "9.69191 Y 


The twolietle Angles being found; ſubſira@t them from 180 degrees,: . 
and the remainder is the Angie ADB 113 deg. 3%'. 
But in this and the Caſe two, you may ask why the longeſt fide. - 
ſhould be the true Baſe, and not as well one of the ſhorteſt fides. . 
If therefore in the'Triangle ABD we take DB for the true Baſe, - 


_ Tit ky down the Triangle A D B, as before (in the fourth Caſe:) | 


ay Fil draw the Baſe BD.forth to E, as in the following Figure. . 


*. - 
o 
* 


. a? . - 
_ - 
. p ® 
* » * oY . 
=. ha - / 
> . 0 
n x « OY 
h : B : 


| "then if you take the ſhorteſt of the other two ſides A D, and. defesibe-.. 


%*. E ES... the | 
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the Arch ER'DS, it cuts off $'B-for the difference.of the en fide, 
B E will be the Hernate Baſe; and if you let fall the Perpendicular Ap 
( upon the aſternate Baſe LB) then " 4 on te: 5 quay to KR 7 


ſay then, 


As DB the true-Boſe 200 paces or leagues,.co. are . .* | 
Is to DAFA B, the ſum of the other two ſides 616; ; 
$0 is the difference. of thoſe two ſides SB 128, 


1 
0 


£ 


7.69896 
 2.7%gz| 
s © 2.107 | 


. w 


_ To the alternite BaſtB E 394 
- From which; if T. ſubſiract D B, 200 | 
The remainder is F E io I 23 | 

The half of which is 'R D. OT, ' 099 © 


: Which helng aoaee to m__ d,0, 208% 05 212% 


\ NQ CC 


It makes D Rn ; Je: Tt TE Sis 297 


I 


2 $9575 


And now I have BR 297, and BA 372, the two ſides of the ph 
angled Triangle BR A, to find the Angle of big Lahon 


- Ships CORetgy on IN deg at. B. 


I fay theo; As AB £95, C0. are 
Is to Radimor s, AR B 90 deg, 


 Sois RB 297 


To s, c. RA; B, which-i is -B 37- -deagps".) 
Ti Jew for the other FP at A. 


As DA 244 co. ar. 7.61261 
Is to +. B 37 deg. 02'; : 9.77979 
So is DB 200, 2.30103 
To 4: A 29 deg. 35'. | 9.69343 


ad l 
24795 
! 9.90200 


The difference between the Angles found, here and before, is bj 
reaſon of the fraction of a unite omitted in the working of the de 


as I have noted before in the finding of the ſides all along. 
4 


The | 
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| The like may be done, if you make AD the' true Boſe, as in this 
Triangle following. 


PRs V's 60 
© .# £& 


7 nn Joins ER, 


| Textend the true Baſe to E,*and with ther length of the ſhorteſt of 


| the other two ſides, I deſcribe the Arch SD RE, which cuts off SA 
for the difference between the two ſides (BA andBD) and makcs 


AE the alternate Baſe. - 


T ſay then, 
As the true Baſe AD 244, * 

Is to the fumof ABtBD$g72; 

So is the difference of them. two ſides S A. 
To the alternate Baſe AF. - 


Saad. + 
: ” 


| Now if you ſubſira& AD the true Baſe from the alternate Baſe AE, 
the remainder will be DE; the half of which (namely DR ) added 


to the true Baſe, makes AR. 


Thus then you have AR and AB ( in the right angled Triangle 


ADB) to find the Angle at A, or the Weſtermoſt Ships Courle 3 


which being found, you have the three fides of the Triangle, and an 


Angle, to find the other Angles, T leave the praQtice of it to your own 


Genious, * Fe Dy FOE a 
There be divers things wrought by theſe Trianglesz as, plattivg 
of Land at Sea, as one fails by it > and aſhore it's uſeful in ſurveying, 
and ſeveral ways : but thoſe things arc largely treated of already by 
others, and thexefore I'll omit them. | 
I propoſe to ſhew how to take the abſolute Logarithm, Sine, or Tan- 
zeſt, anſwering to a number 3 that ſo, if occafion require, you may 
hnd the abſolute minute of a degree vou ſeek for in an Angle, or other- 
| ' wiſe, 
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wiſe, This refer you to my Deſcription of the Uſe of theſt Tables, ju 
before them, at the end of the _ | 


So much for the Dofirinal part of Right lined Triangles, both Rioht 


and Oblique angled 3 ads the Application of them to Ph 
Sailing. 


CHAP. XXVIIL 


Here followeth 
O F ” 


MERIDIONAL PARTS, 
© To work by 


Mercatoz $ Poojection 


——_—— 


FLIES 


— 


th. 


The Table of Meridional Parts. 21 5 
S | Latit.| Latit. |Lacit. -T Latic. | Latir.| Late: | Lacit, j Latit | = 
2 (00 d.| ol 4. 02 4. 03 d.|04 4. o5 d. ſos 4. 07 d. 5 | 
Ol o | 60| 120| 180 | 240 300 361 | 421 | © 
2] 2 | 62 | 122 182 | 242 | 302 | 363 | 423 | 2 
af 4 | 64 | 124 | 184 | 244 | 304 | 365 | 425 | 4 
|. 6] 6 | 66 | 126| 186 | 246 | 306 | 367 | 427] 6 
| gf '$ | 68 128 | 188 | 248 | 308 | 369 | 429} 8 
| ro] 10 | 70 | 130 | 190 | 250 | 310 | 371 | 431 þ10 | 
| 12] 12 | 72| 132 | 192 | 252 |.312 | 373 | 433 [12 {| 
141 14 | 74 | 134 | 194 | 254 | 314 | 375 | 435 [ 14: 
.16] 16 | 76 | 136 | 196 | 256 | 316 | 377 | 437 | 16. 
181 18 | 78 | 138 | 198 | 258 | 318 | 379 | 439 [18 
20] 20 | Bo | 140 | 200 | 260 | 320 | 381 | 441 [20 
22] 22 G2 142 202 | 262 | 322 | 383 | 443 |22 | 
| 24] 24 |) $4 | 144 | 204 | 264 | 324 | 385 | 445 [24 . 
26] 26 | 86 | 146 | 206 | 266 | 326 | 387 | 447 [26 
1 2381] 28 | 88 | 148 | 208 | 268 | 328 | 389 | 449 28 
3 zo | _90 | 150 | 210 | 270 | 330 | 391 | 451 $30 
32] 32 | 92 | 152| 212 | 272 | 332 | 393 | 453 | 32 
341 34 | 94+ | 154] 214 | 274 | 334 | 395 | 455 134 
36] 36 | 96 | 156 | 216 | 276 | 336 | 397 | 457 | 35 
1 38] 38 | 98 | 158] 218 | 278 | 338 | 399 | 459 | 38 
{'4] 40 | 100 | 160 | 220 | 280 | 340 | 401 | 461 | 40 
| 42] 42 | 1C2 | 162 | 222 | 282 | 342 403 | 463 | 42 | 
44] 44 | 104 | 164 | 224 | 284 | 344 | 495 | 465 [44 | 
46] 46 | 106 | 166 | 226 | 286 346 | 407 | 467 | 46 
| 48] 48 | 108 | 168 | 228 | 288 | 348 | 409 | 469 [48 | 
P1.$0-j tro | 170] 230 | 290 [350 | 417 | 471-150. 
| 32] 52 Þ 112 | 172 | 232 | 292 |'352 | 413 | 473 | 52 
| 34] 54 | 114 | 174 | 234 | 294 | 354 | 415 | 475 [54 
56| 56 | 116 | 176 | 236 | 296 | 356 | 417 | 477 | 56 
53] 58 | 118 | 178 | 238 | 298 | 358 | 419.479 | 58 
&| 60 | 120| 180 | 240 | 300 | 361 | 4211| 481 [50 
Meri. | Meri. | Meri, | Mert, Meri, | Meri. | Meri. | Meri , 
TOW | parts | parts, | parts. j parts. | parts. | parts. 1\ parts. | parts 


_- 
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it. | Latir, | Latit. 


Latit. | Latit. | Latit. 
.1094d.]10 4. 


Latit. | 
x2 4.113 d.|144.| 


11 4. 


542 
544. 


603 
605 
: 607 


4 609 


| GI1 


617 
621 


625 
627 
629 


635 


640 
042 
644 


613 | 
O15. 


619 | 


623- 


631. 
033. 


637. 


664 
666 
668 


| 75 
| £753 
1-Z5y : 


| 760 
| 762 


| 768 


725 
727 
729 
T3. 
733 
13% 
137: 
739 
7 42 
744 
743 


747. 
749 


758 


764. 
766 


786 
789 
791 
793 
795 
797 
799 
SOI 
303 
805 
807 
809 


813 
SI5 
817 


$21 
824 
| 826 
828 


832 
$34 


838 
840; 
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The Uſe of theſe Tables of Meridional Parts. 


roOHe Parts expreſſed here, are Meridional Parts of Latitude, and 
I any are ſuch, that 60 of them is a degree of Longitude in that 
Latitude : ſo that if a man fails out of one Latitude into another, the 
parts contained between thoſe Latitudes, are in'the ſame meaſure that 
the minutes of Longitude are. Their onely uſe then is, to find the 
Meridional Parts contained between any two given Latitudes,and with 
that to make a ſide of a Triangle, 'whereby'to tind the difference of 
Longitude, : 


| CASE r. Sh 
To find the Meridional Parts contained between two Latitudes. 


(ell, 1. Admit 1 ſailed from the Latitude of 50 deg. 08', into the La- 
titude-of 4.9 deg. 2'; I demand the Meridional Parts contained between 
theſe Latitides ? Ro 


T Look at the head of the Tables for Latitude. 50 deg. and in the lit- 
| tle Colume on the left hand or on the right hand ( which is near- 
et ) for 8 minutes, and I find under 50 deg. and againſt $' 3487 
Alſo under 49 deg. and againſt 2' * 3385 
Which being ſubltraced trom the other, the re- 
' mainderis the difference of Latitude in parts. : OIOZ 
This diflerence of Latitude in parts I uſe as a common fide of diffe- 
rence of Latitude, to find the difference of Longitude by. 

Theſe Tables are calculated but to every two minutes of a degree, 
which is near enough : for it falls to be upon a number of minutes that 


ls not in the Tables, it is but taking halt the difference between that 
and the next, one” 


TOO For Example. 
_ Admit I would know the Meridional part anſwering to 50 deg, 7”. 
I look for 50 deg. 6 min. and find +5. 2484 
| Took for 50 deg. S min. and find 3497 
The difference between theſe is 3 
The half difference is I; 


k EET © 


026 Propoſitions of Sailing, 

This 1 5 adde to the Meridional part anſwering to 50 deg. 6 wy, 
and it gives me 34855 for the Meridioval part an{wering to 50 4y, 
7 min. ( the halt is inconſiderable ) 3 but this you do by onely lookin 
to the parts, and adding one, or ſubſtrading, according as you deſire, 


CASE 2. 


The Latitade of two places, and the difference of Longitude be. 
tween them given, to find the Courſe and diſtance run. 


Queſt. 2. Admit there be two places, one in the Latitude of 5 1 deg, 10, 
the other in the Latitude of 4.8 deg. 00', and the Southermoſt of the 
places is to the Weſtwards of the Northermoſt 4. deg. 3S'3 I demal 
their bearing and diſtance one front the other. 


Ake the Meridional part »- 
A T {wering to each Latitndoat 
A {ubſira&t them. one from the oth; 
| and fo I have the: difference of ly 
* _ titude in parts. Now theſe pars 
being ( 25 I have ſaid before) ſuck 
parts as 60 of them make adegt | 
of Longitude, I have my differene 
. of Latitude in parts-given, andny 
difference of Longitude in minute 
( or ſuch parts) whereby I lay dom | 
the Triangle ADE, as I wouldd 
common Queſtion, where difference 
of Latitude and Departure is giv, 

and (© find the Courſe, thus. 


Example. _ | 
"Latitude 51 deg, 1 Metrid. parts 25 | 
Latitude 48 deg. oo' —Mexid, parts. my 3292 


The Meridional parts contained between' theſe Latitudes, is " 
The difference of Longitude in parts or minutes, is 27 | 


] 
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T ſay then in the Triangle AED, 
As the difference of Latitude. in parts, AE 295 car. 7.53313 
Is to Radius or 1. E 90 deg. 00! 3 
So is the difference of Longitude in parts, E D 278”, 2.4 44,04, 


To the Tangent of the Courſe t. A 43 deg. 29'. 99TT1T 


Thus then you have the Courſe given, namely the Angle .at A 43 
deg. 29', and the two Latitudes 3 ( ſubſtract them one from the other, 
and the difference convert into miles ) and ſet it off from A, the dif- | 
ference of Latitude is AB 190 miles. To find the diltance run AQ, it 
falls under the third Caſe. | 


For the diſtance A C. 


As 7. co. A 43 dege 29' ©. ar. 9.86068 
Is to AB 190 miles 3 2.27875 
So is Radirs B 90 deg. _ 

To C A 262 minutes. 2.41806 


The diſtance run is-thus found then to be 262 miles neareſt. 
This «might be done by Gunter's Ruler,as in Caſe the fifth and Caſe 
thethird; but ſurely no-man can be ignorant of that Ruler that knows 
how to work by theſe Tables. 


CASE 3. 
The-Latitudes of two-places, and their diſtance given, to find 
their bearing and difference of Longitude. 


Queſt.'3, Admit there be a place in the Latitude of 4.8 deg, 00', another 
in the Latitude of 51 deg, 10', and to the Eaſftwards of the former 
202 miles; I-demand their bearing, and the difference of Longitide be- 
tween them, , ad | 


]* this Queſtion you have the two Latitudes given; ſo that by ſub- 
L {irating them one from the other, you have the difference of La- 
titude 3 ( reduce it into miles) alſo you have the diftance run 260 
wiks; ſo that you may lay down the Triangle A B C, a common Tri- 

| G & 2 angle, 


LY 
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. angle, and in it you have s; 
E— «ot AB, and-A C, to find the ty 
which is the Angle at A: it 6, 
| / © under the firſt Caſe of Right ling 
B 4 right angled Triangles, 


The Courſe being found, in th, 
next place take the Meridional Pan, 
contained between the two yi, 
tudes, and with them Parts and tþ 
Courſe lay down the Triangh 
AED, as a common Triangle j 
laid, that hath the Courfe and gif 
ference of Latitude given; and þ 
you have the difference of Latityt: 
in parts given AE, and the Courſe or Angleat A, to find the differens 
of Longitude E D. 


Example. 
| deg. min. 
\ The one Latitude is 51 10 
The other Latitude is 43 oo. - 
The difference of I atitude is B A 03 10 or 190 mils, 
AC the diſtance of the places is given in the Queſtion 262 mile, - 
For the Courſe A. 
As the diſtance A C 262 miles, co. ar. | 7.58169 
Is to Radius or 1. B 90 deg. 
Sois the difference of Latitude B A 190 miles, 2.27875 
Toxs.c.ACB 43 deg. 29. - 9.86044 


The bearing of the Northermoſt Port is North Eafi by North 9 dy 
44' Eafterly. 
Next, for the difference of Longitude ED. 


I look for the Meridional parts contained between the two ginen 
Latitudes, and: having found it, ( as here to be 293 ) with this, and 
the Courſe before found, I ſay, T 


As 
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' es 4. co. A (whichis 8. ADE) 43 drg. 29" co. ar. 0.13931 
Is to the difference of Latitude in parts, AE 293 pacesz. 2.46686 
G is 1. A 43 deg. 29", E + 9.83767 
To the difference of Longitude E D 278' or parts. 2.44394 


Which is 4 deg. 38', The like for any other of this kind.. 


Eg CASE. 4 
The Latitude of two' places given, with the bearing of them one 
” fromthe other, to find the diſtance between them, and the dif« 

ference of Longitude. | _ 


Queſt. 44 Admit there be a place in the Latitnde of 51 deg. 10', anothtr 
in Latitude 48 deg. oo' ( both North Latitude _) and that the Sou- 
thermoſt place bears South 4.3 deg. 29' Weſterly from the other I de-- 

 mandthe-diſtance and. difference of Longitude between them 7 


'JEre you have the two Lati- 
tudes given,and the Courſe 
whereby you may lay down the 
Triangle ACB, a common Tri- 
angle, and you have given in it- 
the Angle at A 43 deg. 29' the 
ide AB the difference of. Lati- 
tude 190 miles 3 whereby I find 
the diſtance. CE 


For AC. 


NS 7. co. A 43 deg. 29', co. ar. 
Isto AB 190 miles Y | 


0.13931I- 
. :2,27875-. 
So is Radins or 5s, AB C 90 deg. ated 


To CA 262 teagues 2 
+ 41-806 
The diſtance between the two places. "8 


For the difference of Longitude: DE. 


I'ook for the Merid 


tonal parts contained between the two Latitudes. 
and with them and th G 4 


e Courle given in the Queſtion, I tay down the 
Triapgle. 


INES —_— 
» er Ae ann ty AO Oe En rin ot Are ee ee 
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Triangle A E D ( as-in the Queſtion before. this) and im it 1 have the 
difference of Latitudeiin'parts'E A.given me, and the Angle at/A h3 
deg."29', to find the difference of Longitude ED. | | 


| {ay then, 


As $, c%. A 43 degs 29', Co. ar. ; 0.13911 
Is to AE 293 parts | 2.46686 
So is-7. A 43 deg. 29 9.83761 | 
To DE the difference of Longitude 278' 2.4438, 
Or-4 deg. 3S* required, | 
o | 
CASE 5. | 


The Rumb, the difference of Longitude,. and one Latitude ging 


ro find" the other Latitude and the diſtance. 


Queſt. 5. Admit I ſer from a place'that is in North Latitude 5 1 dep, 10/ | 
and ſail South Weſt by South 9 deg. 44' Weſterly, that is, South 4; 
deg. 29' Weſterly, till T have Weſt Longitude from the. place T ſe 40s, | 
38' or 278'; I demand what Latitudg I am in, and my diftance'fm | 
ahe place I ſet. 


N this Queſtion I have given the Angles of the Triangle' A ED;ul 


 thedifference of Longitude ED; whereby I lay. down the Trae 
angle A D E, asacommon Triangle, and ay, 


To find the difference of Latitude in parts AE 


As J. A 43 deg. 29, C0. ar. | 0.1021 | 
Is to the difference of Longitude in parts DE 2783 2.4440 

SO 1s £.co. A 43 deg. 29/ * 9.86900 |} 
To AE the difference of Latitude in parts 293 2.4010 


Now this difference of Latitude in parts being found, *I ſeek indit 
Table of Meridional Parts, what anſwers to the Latitude given me 
the Queſtion 51 deg. 10', and I find fp 35% 
From which I fubſtract the difference of Lat. found in parts ©) 


The remainder is T1, 
Fl look in the Tables of: Meridianal Parts for. 32 92, and one 
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end Latithde 48 deg. and againſt it in the little Colume- of minutes ; 
6 I conclude the other'Latitude is 48 deg. 00': The reaſon why I ſub- 
tracted the Meridional parts found, was, becauſe I ſailed to the South- 
wards into a leſs Latitude. | 

We have now both Latitndes given ; ſo that if weſubſtract the leC 


| er from the greater, we have the difference of Latitude 3 deg. 10', or 


190 miles ; with this difference of Latitude, and the Courſe given in 
the Queſtion, we will lay down the common Triangle A C B, and fo 
init we have given the Angle at A 43 dep. 29', and: the {ide A B the 
difference of Latitude-in miles; to find the diſtance run A C + fo that 
this falls under the fecond Caſe of right lined right angled Triangles, 
thus 3 | | 


As 7.co, A the Courſe 43 deg. 29',' car. 0.13931 

Is to the difference of Latitude in miles 190 miles 3 2.27875 

Soiis. Ruins | ED ke 

To the diftance run AC 262 miles, 2.41706 
CASE 6. 


Nie Courſe, the diſtance, and one Latitude given, to fiud the o 
ther Latitude, and the difference of Longitude. 


Queſt. 6. Admit 1 ſet from 48 deg. North Latitude, and ſail North Eaft- 
erly 43 deg. 29', 262 miles., I demand what Latitud: T am in, and 
my departure from my Meridian, mith.the, difference of Longitude 2 


Ere I have the Courſe and F. 


D 
LA diſtance run given, where- ; 
by I may lay down the common _ 
' Triangle ABC; which being | | 


donie;,. 1 have AC given 262 B | 
miles, and the Angle at A 43 deg. | 
29', to find the difference of La- 
titude BA. I'll ſay then, 
 ASRadis or ABC 90 deg. 
Is toC A 262 milesz 2.41830 
Wis:co.A 4.3 deg.29' 9.86068 


ToBA 190 miles, 2.27898 A. 


232 Pn ropoſutions of S ailing, 
This difference of . Latitude 190 miles ( which is 3 deg. 10' ) 44, 

ded-- to the Latitude, I ſet from ( 48 dep. oo”): gives the Latitude | 

am in 5I deg. 1O', | | 


Ladily, 1 have now the Courſe given, and the two Latitudes, tony 
the difference of Longitude, 


\ See what number of Meridional parts is contained between the tw þ _ 
Latitudes, and I find 292 x with that and the Courſe I lay down tþ 
Triangle AED (as I have formerly ſhewed ) and ( as I would &, 
common Triangle ) where the difference of Latitude in miles, and th 
Courſe is given. 

In which Triangle I have the difference of Latitude in parts AE, 
and the Courſe A 43 deg. 29' given. Wn FE 


To find the difference of Longitude E D, a in.the fourth ce 
this Sailing. | 1 


AS S. co. A 43 deg. 29', Co. ar. J 0.13911 
Is to AE 293 parts 3 2.46686 þ 
So is 5s. A 43 deg. 29' + **..", ons 


To E D 278 parts or minutes of Longitude required. 2.4436 


CASE 7. Y 
To convert miles into minutes, or minutes into miles in any Lt | 
tude. | 


Queſt. 7. Admit . there be two places in the Latitude of ' 46 dep, difut | 
750 miles ; I deſire to know the difference of Longitude between them | 


T is to be conſidered, that a degree upon the greateſt Circle of tit 
World ( ſuch a one as divides the Globe of the Earth into tw 
Hemiſpheres ) is bat 60 miles, as upon the Equino&tial, &c. Not F 
though every ſmaller Circle or Parallel is 360 degrees about, yet tho 
degrees cannot be 60 miles in each 3 therefore we would know tit | 
meaſure of theſe ſmaller Circles in miles, or what number of degres 
any number of miles will be in any of theſe leſſer Circles 3 which vil 
be found by this | | 


Genen| | 
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General Rule. 


Ar the Complement of any Latitude, or the diſtance of that Parallel from 
the Pole, | 

Is in proportion to the Equinofials diſtance from the Pole (or Radius ); 

$0 is the number of miles in that Parallel, = 

Tothe number of minutes contained in that number of miles. 


Example, in the Caſe before ws. 


As 5. co. 46 deg. 00' of Latitude, co. ar. 0.15822 
Is to Radius 90 dep, 
So is 750 miles in that Parallel, 2.87506 
To 1079 minutes : 3.03328 
| 4(5 d. mM. 
Which converted into degrees and mi- rY&aF(9(17 59 
nutes, Is 17 deg. 59'. & 6&0 


If you would turn minutes into miles, admit they were 1079/, 


As Radius 
Is to 5. co. the Latitude 46 deg. oo! 3 9.84177 
S is the number of minutes 1079, 3.03328 


To the number of miles contained in thoſe 
minutes 750 miles, C 2.87505 

Now from this Rule, a man may work his Reckoning daily at Sea. 
Imagine that the roth day of May, Mxnday, 1684, I departed from 
the Lizard, which lieth in North Latitude 50 deg. 00', and failed 
Weſt South Weſt 102 miles 


Then South Weſt by Weſt 150 miles. 
Then South Wett by South 100 miles. 
Then South Weſt 100 miles, 
Then Weſt South Welt 142 miles, 
Then South Welt by Weſt 100 miles. 


And I would know daily the difference of Longitude that I have 
made, and keep my Reckoning by Longitude and Latitude, as indeed 
twas always my cuſtom to doz and I have ſhewed this way. by the 
Plain Scale. But this I always uſed : 


I look in the Table for that purpoſe, which is in my Father's Sea- 
" H h mans 
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mans Praftice; and in this Book for the Meridian-diſtance that the fir 
Courſe and diftance makes, ( or elſe work it ſome other way ) ang 
I find Weſt. South, 

. A Weſt South Weſt Courſe 102 miles, makes 94.0 40,0 

This Southing 1 ſubſtra& from the Latitude I ſet from, and it leaye 
the Latitude 1 am in 49 deg. 20”: (et it down in the Colume 
Latitude ) 3 the Meridian-diſtance I ſet down in the Colume of we 
Mcridian-diftance, And lafily, for to find the Longitude that thi, | 
Meridian-diſtance will make, I find the middle Latitude between Yes 
{terday and this day 3  ( 1 rhean, that was between 5© deg. and whit 
now I am in, when I have failed this 102 miles ) as I have largely 
ſhewed. That done, I find it to be here 49 deg. 40". 


TL Then I ay, 

. As x. co. the middle Latitude 49 deg. 40/ 0.1889; 
Is in proportion to Radizg 3 | 
So is 94 miles, 197312 
To 146 minutes, or 2 deg. 26”. 2.1610; 


And this makes up the firſt Line of the Reckoning to be expreſſed, | 
as here underneath, thus: The 11th Tueſday I was in the Latitude 
49 deg, 20', and had Weſt Meridian-diſtance from the Lizard 94 mils; | 
T had Weſt Longitude 2 deg. 26', 


Secondly, tor the next days Work. 


| Weſt. South, 

_ © South Weſt by Weſt 150 miles 124 84 

E ſublirat my Southing from the Latitude I was in yeſterday, ad 
F have 47 deg. 56' for my Latitude that I am in to day : Takethi 
the Meridian-diftance 124, and adde it to the Meridian-diltance yo | 
had yeſterday, and ſo you have 218 for your whole Meridian-diſianct 
Alſo take the middle Latitude between 'the Latitude yeſterday and t0 
day, which is 48 deg. 3S', and ſay, 


. As v. co. 48 deg. 3S', C0. ar. 0.17980 
Ts toRadit h 
Sos the Metidian-diſtance 124. miles, 2.0934! 


mm— Fx 


| To the difference of Longitude in minutes, 188/ or 34, 8' oy 
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deg. min, 


| Now this difference of Longitude 2 08 
Added to the Longitude before | 2 26 
Makes the whole Longitude to day 5 34 


G that the ſecond Line is made up, and may be expreſſed thus : 
The 12th Wedneſday, I ws in the Latitude of 47 deg, 56' , Thad Weſt 
Meridian- diſt ance 218 miles, I had Welt Longitude from the Lizard 
5 deg. 34'» And thus every day you may keep your Reckoning, as 
here following. 

But for your fuller information in this matter, I refer you to what I 
have ſaid before concerning this matter z where I have treated fully 
of the manner of ſetting down your Reckoning daily. This is the Rec- 
koning of the Courſes and Diſtances on the other fide. I leave the 
practice of it to the Learner. 


-- — 
— CO_—O— 


[The oth of May, Munday, we departed from the Lizard, 
Anno 1684 ; it is in North Latitude 50 deg. oo min. 
Here followeth my Welting and Sonthing. | 

— a | 

. Meridian- y 
Da, Mo. | Week-days, pogo diſtance. Longitude W. | 
ege min. k deg. mins | 
Nu We. 4 _miles, | 
11 Tueſday | 49 20 094. 02-26 - 
12 Wedneſday 47 56 218 05 34 
13 Thurſday 45 33 274 06 56 
14 Friday 45 OI 366 O9 07 
I5 Saturday 44-08: | 498 7 ws 7-0 
16 | Sunday 43 - 15 | 572 12-53 


But to anſwer the Queſtion propounded, you may read daily your 


difference of Longitude in its Line for that day 3 for you ſce here it's 
ready caſt up, | 


For Example. 


Admitit is the 10th'da I would know my Reckonine ; I look up- 
on that Line, and read it thus: , ""Þ f 
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"The 10th of May, Sunday, I was in the Latitude of 43 deg, 19), } 
was to the Weltwards of the Meridian of the Lizard 572 miles ; Thi 
IWeſt Longitude from it 13 deg. 53', And after the ſame manner S: 
may read any other Line, 

| uſe at Sea to work the proportion by Gwnter's Ruler for ey: 
day, becauſe that is ſoon done, and free from any miſtakes but [leave 
every one to their own mind. I have been the briefer here, becauſ 
I have been very large on this way of keeping a Reckoning in thi 
Treatiſe already. 


Thus much for Mercator's Sailing. 


About the Variation of the Compaſs. 


Had thoughts to have ſhewed at large, Rules for the Variation of 
|| the Compaſs but I ſhall not infilt much upon it, becauſe 't 
. treated of by ſo many already, and is ſo calie a thing, onely thus: 
When by an Azimnth Compaſi, or the like, you obſerve the Sun xt 
his Riſing or ſetting, and note the degree from the Eaſt or Wet, þ 
much as it differs from the true Amplitude ( which you work forin | 
the Sphere ) ſo much is the Variation. 


Example. 
deg. mi 
Admit the-true Amplitude of the Suns Riſing wereF g 
Faſt Northerly | C 20 UP 
The Magnetical Amplitude, { or the Suns Riſing Þ oo 
\ -by the Compals) were Eaft Northerly C | | 
" Their difference, is the Variation - 8 % 


And it's Weſterly, becauſe the Eaſt point of the Compals is mar 
Northerly than it ſhould be, or ( which is more proper ) the Notti } 
point is more Weſterly than the true Meridian of: North. | {hall 
no more of this here, but refer you to my Father's Seamans Prafitt | 
where it's largely treated of-in page the 111 to page the 12051 
alfo here in.the Projeion and Ule of Azimuth Compaſi. Bi 


237. 


Hire followeth a Catalogue of the Longitude and Li 
titudes of the moſt principal Places in the IVorld, 
beginning from the Meridian of t he Ltzard of Eng- 


land. 


Latitude 5odeg. oo min. Longitude 00 deg. oo min. 


—— 


Places in France, Spain, ayd Portugal ;| Latitud.| Longit. | 
their Names. deg. min. | deg. min. 
Cape de Hague a4 N 5Q O0O4; O2 28 E 
Carkitts | N ID o6|01 $53ÞE 
Uſpant | N]48 358S|00 oo|E 
Cape de Machicacs N [44 20jor 39[E. 
Cape Pinos N[44 03lort 27} W 
Cape Ortegal N [44 06 O03 21 WW 
Cape Fanifterre N]43. o08{05 35] W 
The Rock of Lizbon N|j38 58 o5 541 W 
Cape St. Vincent N[37 ooſo7. 18] W 
Cape St. Maria | N37 03103 52ÞW 
The Streights Mouth. N35. oojfor 57[W 
Tangier N[35 35{o01 oo[W 
Head-lands and Places in the Streights ;|Latitud. | Longit.. | 
their Names. deg. min. | deg. min. |- 
Cape de Gatte N 36 45 | 03 6]E 
Cape St. Martin N38 43|06 18]E 
Cape Dega Frits N|[4r 39|09 10[E 
Cape Larci N|42 58/11. 50o[E 
Cape Melle | N 43 56 IZ 42 E. 
Cape Spartenentura. N|37 46123 29JE 
Cape St. Maria N|39 50[25 36[]E 
"F- N[4i 30[23 50{[E 
| GipeCofa Nl43 23j22 16]E 
Kvguſa N42 30[24 56]E 


O 

W 
3 

Q@ 
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Cape Langa 
Cape Metopan 
Cape St. Angell 
Cape Saradoni 
Cape de Bacur 
Cape Roſetta 
Cape Bonnz 
Tunis 

Cape Falcon 
Cape Trees Forcas 
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Z. 2, 


Iſlands in the Streights ; their Name 


Fo 


Alboron 
Formentera 


Minorca 
Gallatta 
Cape Pls in the Jſland of Sardinia 


Cape Corſica in the Iſland of Corſica 
Palmorolla 


Lempadoſa 

Malta 

Cape Paſſaro in Sicilia 
Marſina 

Corfu 

Cephalonia 

Lant 

The Weſt end of Cendia 
The Faft endof Candiz 
Rhodes 

The Weſt end of Cyprus 
The Eaſt end of the ſame 


The Coaſt of Barbary Southwards , and 


Guiney ; therr Names. 


Cape Sprat N 
Cape Canteene N 
Cape Bajador N 

N 


Cape Blanco 


ZZ 22 22LP 


EFF, 


40-18 
Zo 25 
47. 12 
35 33 
Z2 39 
32-5 
37 07 
39 43 
Z6- 05 
35:42 


deg. min. 


Latitud, 
deg. min. 


35 36 
323 22 


20.-- $© 
20 32 


+ 
QO 
Lens 
— 
i C25 025 05 £25 C5 £23 0X7 (23 02 29 


[) 
Wl 
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O 
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122 15 


O 

p— 

O 
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113 41 
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and Latitude of Places. 


Cape Verde | N14 36! 
Sire Leone | Njos oo | 
Cape de Palmos N[oq4 10 
The Names of Place to 'the Cape. Fae 
Cape Tres Puntios M N|o4 - 04 
Cape Formoſa loa 12 
The North point of Fermando Po Nloz 28 
and Principe  Nlor 48 
Iland Cochds N [00 40 
Ifand St. Thoma _ Noo 10 
Cape Lopas 4 Slot oo 
Cape Negro $116 0©0 
Cape Sacor ,, © S|[29 .3S| 
Cape Bona |Eſperazd S|34--.24 
Wands Rag as it were. proquon 
| Y Marbers land | © S|ox 43 
| Thelfdand of Anna Bonna Slor 22 
Aſemfon land | S|o8 oo 
Helena | - $116 O©0 
. Helena Nova | S1-16---02 
Wand de Triſtan [36 56 
Te Main Cl ontinent in s the Eaſt die | Pg, 
Gy Lagulas S 35 OO 
Cape Corentis 8 23 3O 
Cape de Guadea , S]15 77. 
Cape de Guardaſin N|1z 40 
Cape Raſulgate N22 o5 
_ $ 21 Od. 
ba _. , : . 
Cape Comerin | N 4: 7 | 
The South-weſt fide of Ceyler Nos oo 
Rive Iver Bangalle N22 og 
Ham N|14 52 
} 
iſchers Point N 20 20 
Point of Cavallos - N ©. 6 
Cmrea N|3s os| 


fe 


Longit, 

deg. min. 
OI 
13 
of: 
OI 
I 2 
OO 


23 
07 
13 
II 
O5 
Longit. 


deg. min. 


+4 


o5- 


| SS! 


|onOnOgnos  |FrEOmMmprnnrs@9F FM) 


. —_ 


C27 £7) tn) 037 07 029 09 027 023 00 
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| Iſlands in the Eaſt-[ndies. 


Iſland Pracell 


Cubile 
Moligne 
Andaro 


"The North-weſt point-of Sumatra 


The North 


point of Cellsbes 


The middle of Gelola 


Bachian 


Machian 


Motir 
'St. 


Fobannas 


South point of Borneo 
North point of Borneo 
Welt end of Mandann 


Anamba 


St, Fuan 


Tendaia 


Mandora 


Perigoa 


North end of Lzcon 

The middle of Aynan 
South end of Formoſa 
North end of Formoſa 


Firando 


Iſland 


Weſt end of Fappan 
North point of Fappan 
Cape Patience in Feſſo 
South-eaſt end of Sumatre 


Bantum 


Batavia + 


Tinior 
'Ceram 


South end of Celebes 
| Romeyros | 

Fobn de Lisbon 

Diego Roive 

St. Brandon 


Dalgatins 


LACILUA, | 
deg. min. 
Njio 23 
N{o8 53 
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CHAP. XXIX 
The DoStrine of Spherical Triangles, 


Of the AﬀeRtions ard Nature of Spherical Triangles, 


Spherical Triangle is made of three Arches of three oy f 
| Circles that interſect each other upon the farkece of 
L. Þ Sphere 5 and their Angles are meaſured by the Arch of 
great Circle deſcribed between the two ſides, whoſe Poles is the angul 
Point. | | 
2, All great Circles of the Sphere, divides it into two equal putts q 
*Hemiſpheres 3 and no fide of a Triangle is ſo great as a Semi-cirde, 
3. The three ſides of a Spherical Triazgle are leſs than 360 dens 
Tf two ſides of a Spherical Triangle be 180 degrees, the two Anglsz i 
the Baſe of that Triangle ſhall be 180 degrees 3 but if the fidesbelk 
the Angles will be alſo leſs. 56 
4- A right angled Spherical Triangle, hath certainly one rights | 
-O1C, | 
& 5. In aright angey Spherical Triangle, if either of the fides i 
to the right Angle be a Quadrant, then is the Hypothinuſe a Quimtþ 
alſo 3, but if their fides he each leſs than a Quadrant, the Hypothint 
will be fo too, it & of thern ſides ſhould be” greater than a Qual! 
the Hypothinuſe will beſo alſo, oy 
6, An oblique Spice! Triangle hath either all the Angks tt 
( and then *tis called an acute angled Triangle) or elſe obtwſe, orthiid) 
obtuſe and acxte, and then *tis called an obtuſe angled Triangle. 
-. 7. If the Angles of a Triangle be all acute, the fides of that Ti 
ple are none of them ſo great as a Quadrant, 2 OY 
8. Every Spherical Triangle conſfilis of five parts, beſides the Rip 
Angle 3 that is, the three ſides, and the two Angles. Now thelep 
are three of them noted to be Complements, and they be themthts| 
fartheſt from the Right Angle 3 and the other two, which be nt! 
the Right Angle, are not noted by their Complements, as you may 
the Triangle ABD right angled at B. | "” 
0 


oF he 


£ 


9. Now if any two things begin in this D 
Triangle, beſides the Right Angle, we may 
end the other things, as in right lined Tri- 
angle 3 but here muſt be ſeveral things con- 

cred. | | 
” For theſe ſides being Arches of Cir- 
cles, are meaſured in degrees, as well as the 
Angles. 

11, When- you have found one of the 
Angles, the other is not its Complement 
to.90 degrees 3 but if you'll find the other, 
you maſt do it diſtinctly. 

i# 12. To workany Queſtion in either right angled or oblique. Trian- 
ef gles, wemay lay down this general Axiome. 
t 


General Axiome.- 


i The Sine of the middle part with Radius, # equal to the Tan-. 


gents of the Adjacent Extremes, or to the Sines Comple- 
ments of the Oppoſite Extremes. 


| 14. Within the bounds of this one A:iome, -will all the Caſes of a 
| Fpberical Triangle ( but two). fall; and them are the two laſt Caſes 
in Oblique Triangles. . 
14. So, that it a man underſtand but theſe three Lines well, he may 
| frame all the Cannons, or work ay thing that is to be done 3 and 
| fherclore it ſhall be my endeavour in every thing: ( as.I go ) to ex- 
f plain the Rule. 

15, Pray mind one thing,. and that is, That the Right Angle B is 
FF Ot counted to part the ſides next to it, whereas the other Angles do : 


| $0 that we count BD and BA to Joyn, whereas we count BA and 


AD as parted by the Angle between them A and fo is BD and DA 
| Þy the Angle D. Theſe things premiſed, we come next. to explain 
the General Axiome. bs 

Admitin the Triangle ABD, I have given me BD, and the Angle 
a D, to find the. fide D A. I mind not yet which is given, nor what 
6 robe but onely that theſe be the three parts that we have to do 
with: Firſt then, T would know which of theſe is the middle part 3 
and believe you'll cafily yicld that D'is, becauſe DB is one way nex t 
0 1t, and D A the other way. 
l Then 1 would know whether it be an adjacent Ox an oppoſite exſtreme. 


= I D=KT OoÞ: = - 


And 
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24% The Doctrine of Spherical Triangles. 
And foraſmnch as BD joyns to D, and D joyns to D A ( nothin 
being between them ) 1 conclude it's an Adjacent Extreme, and the by, 
gle at D ( as we noted before) 'is the middle part. | 
I look upon the General Axiome, and'that faith, That the Sine of th 
middle part with Radiusjs equal to the Tangents of the Adjacent Extrimy 
FI! therefore call the middle part lo, as that may have the Sine of i, 
and the zwo Extreams, ſo as to have the Tangents of them 3 and thy} 
ftand thus: Sine Complement D, with Radix, is equal to Tangy þ 
Complement D A, with Tangent DB, in ſhort thus: s. c. D 4 Ri 
is =tot.c. DA +t DB. 
You may ask why I call the middle part Sine Complement, and i 
fide D A Tang. Comp. when the Rule-ſaith, Sine the middle part, a 
Tangent the exſtreme 3 1 anſwer, they be Gomplements already (a 
ſo they are noted in the Triangle ); and if I would have the 5. or 
2. of them, I mult call them vs. co. or t. co. But the {tides next the Rigt i 
Angle, are not noted by their Complements, and therefore I call DB; 
to find the Tangent of it. = 
The Queſtion being brought to this, now mind what is given, al 
what is required, and ſet the things down in their order, onely takin þ 
care to ſet the thing required in the laſt place, ( thus : ) 
t. D.B. Thus now if theſe things had been really given and 
s, co. D Curl in a Triangle, you would have had rhe requirt 
t.co. D A ) thing by adding the Logarithms of the firſt two togethe, 
and looking for that ſum , for it's the Logarithm of the third, cali; 
away Radims, or the firſt figure on the left hand ; as, if it were 19, 
caſt away the 1 from any Sine, and leaving onely the 9 before the Com 
| ma3 or ifa Tangent, caſt away the firſt figure, if it exceed 12, bei 
the Point or Comma. | | 
But you may ask whether or no you ſhould take the'Complemat & 
rithmetical of the firſt of the given things,” as is uſual to avoid ſubli | 
tion. For that, obſerve this General Rule. 


That if the middle part and an Extreme be given, take the Complement © 
rithmetical of that Extreme, but if the two Extremes be givth" | 
find the middle part, take no Complement Arithmetical.at all 


And under one of theſe two Notions all ©weſtions will fall. 

Secondly, ( in the ſame Triavgle ) Admit the Angles at A and D 
were given, and the fide D A were required 3 here D A is the middle 
part, and its an Adjacent Extreme : Therefore, | 


h (0 
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Fs : þ A t. co. 
7,00. D A A-Radius is —=t0t.co. At. co, pb D x. co. 
| | D t. co. required. 


- 


Now here the #90 Extremes is given , to find the middle part 3 and 
18 therefore take no co. ar, at all, | 

' Thirdly, Admit D A were given the Angle at A, and AB were re- 
| quired, it's an Adjacent Extreme, and A is the middle part, 


| $.00, A 
5.00, Ad Radius is =toO t. co. AD k-tA bh t, 0: AD co. ar. 
| ' 048. ABrequired-. 
| 


In this caſe the middle part and an Extreme is given, and therefore 1 

take the Compl. Arith, of the given Extreme, 
Faurthly, It A were given, and the fide AB, and the fide BD, were 
required; this is an Adjacent Extreme: for the Right Angle ( as I 
Have ſaid before ) doth not part the two fides; A B is the middle 


park, 
| 3 AB -s. 
i AB + Radixs is =to tr. BD 1. co. ab f. C0. C0. Ars 
= 3 DB required, t- 


Fifthly, If AB and BD were'given, and D were required 3 it's an 
Aqacen Extreme, and DB is the middle part, ; 


EE eng | t. AB co. ar: 
DB + Radins is == to t. co. Dt. B ad. BD 
EN ) t. co. D 


And theſe be the five Adjacent Extremes. 


Of Oppoſite Extremes. 


Hat's an 0 poſite Extreme that hath one of the three things con- 
cerned lying alone 3 ( but mind ) 1 don't mean the Right An- 
gl ſhall part any thing, | 0 
| 6, Paging that in the Triangle ABD, I have gifn theſide B D, the 
de DA, and that the Angle at A be required, 
* | K k This 
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This now is an Oppoſite Extreme, and DB is the middle part, becauſe 
it lieth alone, and is equally parted from the other two things, namely 
D A by the Angle D, and A; by the fide A B. I fay then, - 


end | 5. D.A co. ar. 
s. DB + Radius 7 =t0:DAÞ1.AÞs D-B:- - 


7. A required. 


Here you may ask why I call the fide D A Sine, when the Rule ig 
That the Sine of the middle part with Radius, is. to the Sine Compl. 
ment of the Oppoſite Extremes. Now this is an Oppoſite Extreny 
( you'll fay ) and AD is one of the Extremes why then is it cally 
Sine £ | | 

I anſwer, AD is noted a Sine Complement 3 and if I call him Sj 
Complement, I ſhall take the Sine of him, for he is a Complement already; 
(C the Complement of a Complement is the Size of that Complemen) ani 
therefore to have the Sine Complement of A D, I call it a Sine, 

Secondly, Let the Angle at D and A be given, and let B Abe requi 
red. Here D lies alone, and therefoxe is the middle part, and its | 
Oppoſite Extreme, | 


be: OP | D &s. co. 
#.co. D + Radius.is = to nA + 5A pd. Sf. C0. at, 
Fl | ) AB 5. required, 


Here I call D 5. co. to have the Sine of him ( becauſe he is a Can- 
-plement already ) and the others Sine to have the 5. co. of them, ft | 
the ſame reaſon. | PTS 
Thirdly, Let. D Aand-A Bbe given, and let D B be required, Hr | 
. the {ide DA lieth alone ( for we count thc 
'D Right Angle doth not part any thing ) and 
therefore it's an Oppoſite Extreme 3 and the 

. {ide that lies alone, is the middle part. 


1.coA + Radius is =p DA x.co. 
to J.co, A BJ 5.co.F AB 5. co. 00.4, 
DB ) D B &. co. requittd 


Here I call DB 5. co. to find the Sine 
of A B *him, becauſe he is a Complement already; 
( 1 rauſt find the Si of him, becauſe he is the middle part ) and.tl 
Rule faith,che Sine of the middle part with Radimjs=2o the Sine Ce 
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ment of the Oppoſite Extremes. Then I call the other two s. co. to have | 
their 5, co- becauſe they be not noted Complements already, and they 
be Extremes. tt 

Fourthly, Let A begiven, BD be given, and let D be required, Here 
the Angle at A 1s alone, and therefore"the middle part, and an Oppo- 


: ſite Extreme, Then | | 
f, 00. A 


1c A + Radins is = to $.c9, BD +. DP. BD 
WT” | 7 Es 5, D required. 


f 


\ 


Laſtly, Let A B and D be piven, and let DA be required. In this 
aſe AB isalone, and ſo it's an Oppoſite Extreme, and AB the middle 


| port. | 


5. Dear. 
| -oABERadiwis=tooD+s A pþ AB: 
| | ry ) 5. D A required, 


And thus you may frame a Rule to any Queſtion, in either Notion 

. Of Adjacent gor Oppoſite Extremes, But I have found in teaching, the 

hadeſt thing hath been to make them underſtand when they ſhould 

alla thing a 5s. 5.c.t. or t.co. but to free you from all miſtakes, obſerve 
this fox a Rule. 


Obſerve. 


Call any of the frve parts by their names, and you ſhall have 
the Sine or the Tangent of them; call them out of their names, 
and you ſhall have the Complement of them. 


My meaning is thus : 

The Angle A, the Angle D, and the ſide D A, are called Complements : 
 Gll any of them &. co. or t. co. and you have the: Sine or Tangent of 
them call them Sine or Tangent, { which is out of theirnames ) and 

you have the 5..co. or t.co. of them. OO En Ty 
In like manner, the ſides that lie next the Right"Angle, are not 
noted by their Complements : therefore call them 7. 'or t.- and you 
| ave theSine or Targent of them ( for that's their names )3 and by 
COnlequence, call them . co. or #- co. when you would have the.Com- 

plements of them ( that I call out of their names. } - {- © - 


| Theſe Examples of the ten Extremes, are together thus: | 
D Kk 2 Adjacent 
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Adjacent Extremes. 


DBr. 
I. Data. jo J. C0. [7 C0. D+ Rad.is = tot. DB E BY adi 
D A requ. 2. co | 


D t.co. + 
2, . as A 8.0. d. DA + Rad.is =to fco. Db te, 
A requ. t. co. | 
A D Fo C0. 
3. Data. 9 F. C0, on A + Rad.is = to#.co. AD 1h 
AB requ.t. 2} 
A t.co. | : 
: 4. Data. SAB + do AB Rad is = tOt.co ABD 
B D requ. t. 3, : 
A B te 
Jo "—M fo F BD -+ Rad.is =O 
D ate $.c0% i 
| oof Extremes. 
BD 5. , | 
bo it fo $..8D —+ Radius is = tor. DA PAN 
Arequired ED TD | 
D 5. cc. | | 
2. Data. by ba 0. _T Rad: is'==to.s. Al & 6.40 
AB #. . rcque 


A $8. C0. y 
3. Data. þ B 54 C0. bow D A-Rod, is=to 5.0. A B--5.coDÞ 
B D reqUe Sos C0» £ ; | 


: A Tv. co. PS BE | 
4s. Data» Þ B $00» $, co, A + Rad.is = tor. BD "_ iD 
D required, 5. £3 | 


AB Fo C0s 
Þ rota ban 4 is=to sD + «Db 
fo P, 


Mer 
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After this manner, you may frame a Rule for any thing, in ſuch or- 
der, that you have need of no other conſideration to work. it, but to 
: ket the thing required in. the third place, and to take the Complement 

Arithmetical of an Extreme,. it it be given with the middle part, but 

ſe not. 

; Theſe things premiſed, weare now fitted to work-any thing. in any 

Triangle, right anglcd or.oblique, except it be when the three ſides of 
an Oblique Triangle be given to find an Angle, or the three Angles 

given to find a fide, which is the two laſt Caſes. of an Oblique Triangle : 
and therefore we will next handle the ſixteen Caſes of a right angled 

Spherical Triangle. 


GASE rt, 


Latitude Nertherly 50 deg. oo min. Declination Northerly 
17 deg, 4:7 min. 7 demand the hour vf the Suns Riſing. 


N the Triangle A'D B, the Poles Elevation is ( in this following 
Sherne,) DB 3 the Complement of the Suns declination is D A 


A DB 5the Angle of the hour from midnight, whoſe meaſure is R 2 
equal 
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equal to S A, the diſtance from midnight that the Sun traſeth, to hi 
riling-3 AB the Suns Azimuth of rifing from the North, whoſe Con, | | 


plement to 90 deg, is A Y', the Suns Amplitude of riling from the Eyg; 
Ais the Avgle of the Suns Poſition, te Fi, 


| In the Triangle AB D, then 'we have given, 


& n 
'The Poles Elevation B D 50 .0 
The Complement of the Suns declination D A 72. 


And let the Angle at D be required, which is the hour from Wl 
night to the Suns rifing. | 


I conſider it's an Adjacent Extreme, and that D is the middle pur, 


s. co. D + Radius, is =tot. DB+ t. co, DA. 


DB t. 50 deg. 00 10.0761865 | 
DA &. co. 72 deg. 13' 95061586 
ADB v5. co. 67 deg. 32' © 65823451 


That is ( converted into time ) 4 ho. 30' 3; : fo long afternil 
night it is to the Suns riſing. 

Here I took no co. ar. becauſe the:two Extremes was given to findtie 
middle part. 


: C ASE 2. 
The Perpendicular and the Hypothinuſe given, to find the Bip. | 


In the fame Triangle repreſented here, let there be gi", 
\ 
The Complement of the Suns declination D A ; 72 8 

| The Poles Elevation D B 50 0 
And let the Suns Azimuth from the North be required BA. 


This is an Oppoſite Extreme, becauſe A D is alone 3 and for the lu 
xeaſon it is the middle part, 


So C0so A D = Radius, is — 0. fa DB os 5. co. AB. 


Thi 


5. co. DB50 deg. OO', coar. 0.191932 
$.co, DA72 deg. 13' | 9.48489) 
4.0, AB GI deg. 3 8 —Y 9.676827 
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Thas the Sun riſeth North 61 deg. 38' Eaſterly, or Eaft 28 deg. 24 
Northerly” which is his Amplitude. 
| took the co. ar. of the given Extreme, becauſe *twas with the mid- 


ale 


CASE 3. 


The Perpendicular and the FOO. g7ven, to fond the Angle 
at the Bale. | 


Let there be given as before, 


a bo = <2 \T aud let the. Angle of Poſition be required. 


This is an Oppoſite Extreme, and D B lieth alone, and is the middle. . 


part. Say, 
;. DB + Radics, is =to 5. DA + 5s. A. 
DA 72 deg. 13' '» C0. Ars 0.021263. 
i..DB 50 deg. oo" 9.884254. 
n A 53 deg. 34 | 9905517. 


The midale part and an Extreme is given here, and therefore I take 
the co. ar..of the Extreme. 


CASE 4 


The Perpendicular, and the Angle at the Perpendicular given, 
| 79 fod the Hypothinuſe. : 


My Admit in the Triangie ADB there be given, 
| d. is 
i The Perpendicular B D GO. OO. 
The Angle at the Perpendicular D- 67 32 


And let it be required to find DA. 
This is an Adjacent Extreme, and Dis the middle part. 


$00, D + Radins, is = to t. co, D At. DB. 


iy 
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DBt. 50 deg. 00", £0, Ars 9.92387 4 
D 5L. co, .67 deg. 32/ 9.58222 
| DA #. &. 72 deg. 13' 9.50603 


Here the Comp!. Arith, of the given Extreme is taken, becauſe; | 
given with the midale part. 


CASE 5. 8 
The Perpendicular, and the Angle at the Perpendicular gi, | 
zo find the Angle at the Bale. 


Let there be given in the Triangle A BD, 


The Angle at D 67 deg. 32 And let the Angle at Aber 
The Perpendicular D B 50 deg. oo'$ quired. 
Here Ais alone, and therefore it's an Oppoſite TA, and Aisth 

middle parte 


5.c0, A + Radith, is = to 5. co. D B+ 5. D. 


DB y. co. 50 deg. ©0/ 9.80806) Here we took no C 

D 5s. 67 deg, 323" 9.96571 Arith, becauſe the tw 
© Extremes be given to ind Þ 

A 5. co. 53 deg. 34 9.17371 


the middle part. 


| ſhall note no farther about the, middle part, and the Conplent | 
Arithmetical 3 but bid you mind the Rule. wo 


CASE 6. 


The Perpendicular, and the Angle at the Perpendicular gin 
to find the Baſe. 


Let there be given, 


& mM. 
BD $0.00: i BD+ Rain Is ; =tot BA 
D 67-32 © |= t. C0. 


And lt the' Baſe B A be required, Dis | 


1h | 


"PV" 77, = 
7% 4 -* 4+ 
. * . © - _ 
& b * 
”Y 
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D 2. co. 67 deg. 32 C0, rs 0.338349 © 
DB ... 50 deg. 00' 988425 
B A fo G1 deg. z8' | 10,6775 
CASE 7. , oF 


: The haenlar, and the Angle at the Baſe given, fo find the 


 dngle at the Perpendicular. 


F: 
' Let there be given, 
FT 2-4 
BR > - « we dot Ra is == t£O' F. C0. 
' A 53 34 2 . . DB+ i. D 
| And{tthe Angle at D be requir, 
DB Fs. co. co, ar. + O degs 00' 0.19193 
A 5. co. 53 deg. 34 917310 
D 5s. 67 deg. 32) 9.96563. 
CASES. 
| The Perpendicular, and the Angle at the Baſe given, to find the 
 Hyporemyſe. 
Let there be given, : 
| d, M, 
'-DB 50 oo i. DB+ Radius, is =tos. DA 
d- $3 34 5 A. 
And let A D be required. 
i. A 33 deg. 34', co.ar. | 0.09435 
5. BD 50 deg. oc 9.88425 
DA 72 deg. 30 9.97860 


G pe oY | fo CASE 
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The Perpendicular abt the a at the Baſe gzven, to full 
Baſe. Y 1 
Let there begives, 
, oe. aw” 4 R, 1 
DB g5o oo 's.BA Þ+ wth is = tou by 
A 33 34 ; a_ f, C0. | FI 
And let AB be required. * 
BDtz. 50 deg. oo” | I0:076 13. | 
A tv\co, 53 deg. 3& 9.86815 | 
AB ys. 61 dep. 38 | Ne: 9.94433 
CASE ro. i 
The Baſe 4 the Perpendicular given, to find the Angle a h Z 
; Perpendicular. 'F 
3 Let-there be given, , 
5:0 re I 
DB »5o os. 5. DB + Radius, is =to ra) Þ4 
AB - 6x 39 TY BA a2 
And let D be rcquired;. | 8 
B At. 61 dep, 35, C0s at's. 9. 73235 E: 7 
B Dy. 50 deg. oo \_S-88425 | 
D t..co. 67 deg. 32 9 261660 | 3 T 
= | FF; 
F C ASE, 
1 The Bale and' Perpendicular given, to fund the Lopuenk, 
Let there be given in the Triangle ABD, 
| ng d. m.) 
The Baſe BA 61 389. co. DA + Rodin, | is =t05.% 


The Perpendicular BD 50 oof BA + 5: 00, BD. z | 
And let D A the Hyper, be requir, C l 
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| b AB g.co. 61 deg, 39/ 967679 
F | T B D So, CO» + 5O deg. 00! Bo 9.80806 


_DAv C0» 72 aege 13/ 9.48485 


ben S e; 


CASE- 12. 


EN Angle at the Perpendicular, and the Fiypotenuſe g7ven, to 


} : 7 rd the Angle at the Bale. 
| [et there be given in the Triangle A BD, 


C d. th 

" 'D "67 y 32 $#.c. AD += Radius, 1s 
"Þ bdletAbere-\ A. 

| quid. 


0.38349 
9.48489 
9.86838 


; 'D þ co; 67 deg. F, 2/, C0. are 
kB DAs. co. 72 deg. 13/ 


2 At < 53 deg. 34 


CASE 13. 


LY 
-. y 
C ” 


| frdthe Baſe. 


Let there. be given, 
I d. mM. 
þ- | DA 72. 13 | : | = fo D 
$ nd let A B be required, 
Ds. 67 " 3. F 2. 9.96571 
DA s. 72 deg.. 13 


: AB s. 61 deg. 38" 9.94444 


X* 


\n Q 


VB 7 ani at the P erpendicular, and the Hypotenuſe given, to 


i. AB + Radius, is = to 5. DA 


259 


260 The Doftrine of Spherical Triangles. 


CASE 14. OG. 
The Angle at the Perpendicular, and the Eypotenuſe gives, , | 
find the Perpendicular. &Ven, 


Let there be given, 
I d. m. | | 
The Angle at D 67 32(-.c, D + Radius, is =tot, | 
The Hypotenuſe DA 72 13{( DA+?#. DB, 
And let DB be required, | 


DA t.co. 72 deg. 13', co. ar- - 0.49334 
D 5s. co. 67 deg. 32' Se by fo: 
DB. co. 50 deg. 00' ; 10.07606 
| CASE 15. 
The Angles at the Baſe, aud Perpendicular given, to find th 
Hypotenuſe. 


In the Triangle A D B, Let there be given, 


Va D 67 32 ' (rv. co, ADb+ Radins, is =tots | 
| A 53 34 ALS t. co. D. : 


_ And ket AD be required, 


t. co. D 67 deg. 32 bs 9.617224 

t. co. A 53 deg. 34 9.868151 

s.co. DA 72 deg, 13' 9.485375 

CASE 16. 
Fhe Angles given, to find the Perpendicular. 
2” LIENS, 

Let Abe 67 32 (y. co. A + Radius, is = $056 
And Dbe 53 34 " DB -+-..D. = 
And kt D B be required. | | 


al 
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r. co. A 53 deg 34 9.77370 
s. D 67 deg. 32', co. ar. 0.03428 
5. co. D B 50 deg. 00 | 9.80798 


And theſe be the ſixteen Caſes of a right angled Spherical Triangle <- 
They might bz varied ſeveral ways, but this is {ufficient to reſolve any 

- thing that (hall be put for it mui come under one of theſe Caſes.. I 
* comenow to apply theſe Caſes to the ſolation- of ſeveral Problems. in 


Aſtronomy. 


- But before; proceed: to. their application in Aftronomical Prebleme,, 
| will give you a briet Synopſis of all the Canons ( throughout 
all the ſixteen Caſes of Right angled Spherical Triangles ) de- 
duced from the Fundamental AXIO ME : The Canon, 4- 


nalogie, or Proportion, bzing laid down. ( for. every Caſe ) in; 


words at length. 


1. The Baſe, and Angle at the Baſe given ; to findthe 


As Radius, to the Sine of the Baſe ; 


FLA pubic. 480 the Tang. of the Angle at the Baſe, torthe Tang, 
' Of the Perpendicular, | 


tr ar the SY Radims, to Sine Comp. the Baſe z 


So Sine Angle at the Baſe, to Comp. Sige Angle at the 
Perpendicular. 


As Radius, to Comp. Sine Angleat the Baſe 5 
So Comp. Tang, Baſe, to Comp. Tang, Hypotenzſe. 


Perpendicular. 


3. Hypotenuſe. 


ll The Perpendicular, and Angle at the Baſe given ; to fud 
the 


1. Angle at the 


As Comp. Sine Perpendicular, to Radius, 
Perpendicular. ; 


So Comp. Sine Angle at Baſe, to Sine Angle at the 
Perpendicular. 

As Sine Angle at the Baſe, to Radins 3 

So Sine Perpendicular, to Sine Hypotenuſe. 

P15, p of As Radius, to Comp. Tang, Angle at Baſe ; 
; ' So Tang, Perpendicular, to Sine of the Baſe. 


2, Hypotenuſe, 


IR. The 


- 
K ” *, 
- — ” _ = _ 
——_  _— — —  — — —— —————_____ ___—_—_ 
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nr. 7he Hypotenuſe, and Angle at the Baſe given; to fud 
the Re | 
_ As Radius, to Comp. Sine Angle at the Baſs ; 
bw So Tang. Hypotenuſe, to Tangent the Baſe. 
2. Perpendicu- 5 As Rading, to Sine Hypotenuſe ; 
tar... So Sine Angle at. Baſe, to Sine Perpendicular, 
As Radius, to. Comp. Sine Hypotenuſal » 
Jo is Tang, Angle at the Baſe, to Comp. Tang, Ang} 
at the Perpendicular. 


3. Angle at the 
Perpendicular. 


IV. The Baſe, and Perpendicular given ; to find the 


{ As Radius, to Comp. Sine Perpendicular 3 
So Comp. Sine Baſe, to Comp. Sine Hypotenuſe. 
As Radimg, to Sine of the Baſes 


. Angleat Baſe. = Comp. Tang. Perpendicular, to Comp. Tang, 4r. | 
gle at Baſe. : ; 


, Hypotenuſe. 


bind 


d 


V. The Baſe, and Hypotenuſe gzven, 70 find the 


As Comp. Sine Baſe, to Radius 3 IP 

« Perpendicular. 38, Comp. Sine Hypotenzſe, to Comp. Sine Peypeadis 
C cular. 
As Radius, to Tang, theBaſe | 
« Angle.at the So Comp. Tang. Hypotenuſe, to Comp. Sine Angle 
| Baſe. Ba ſe. | | 
. Angle at Per- Jos Sine Hypotenuſe, to Radius; 
dicular. So Sine of the Baſe, Sine Angle at the Perpendicular. 


LY 


ww 


wv 


VI. The Angles at the Baſe, and Perpendicular given, to fu 
the | 


As Sine Angle at the Perpendicular, to Radiws;). 
1, Perpendicular. S Comp. Sine Angle at the Baſe, to Comp, Sine | 


Perpendicul ars 


As Raging, to Co. Tan. of Angle at the Perpendicular 
2, Hypotenuſe. S Comp. Tang. the Angle at the Baſe, to Sine 
; _-  Cotvp. the Hypotenisſal. ; fin 


ca. | 


— 


CHAP. XXX. 


The Application of Right Angled Spherical Triangles, 


to ſome Queſtions or Problems in Aſtronomy. 


PROB. | | 
Latitude 50 deg. oo min. Nertherly, Declination Northerly 


17 deg. 47 min. 7 demand: the Suns Amplitude of Riſing or 
Setting, and the difference of Aſcenſion. " 


| Fig. [. l the Scheme R Bb. S, repreſents the Parallel of the 


Suns Declination 4 B, the place of the Swuns Riſing 3 Bb, 
is the difference of Aſcenſion, equal to. G. So that in the 


Triangle G AB ( right angled at A) we have given the Angleat &, 


the Complement of the Latitude 40 deg. 00'3 ( it is meaſured by the 
dich DK.) The fide AB the Suns Declination, to find the difference of 
Aſcenfion A'S and B ©, Firſt, for the difference of Aſcenſion. 

, This is an Adjacent Extreme, and A © is the middle part. 


\ © $.AG + Rading,is=tot AB. co. S, 


t, AB 17 dep, 47” | 9.50615 
t. ce. © 40 deg. 00 | 10,07618. 
1. AS 22 deg. 28 9.58233 


Which converted into time, is 1 ho. 29' 52” 3 ſo much the, Sun ri- 
{th before fix of the Clock, By the knowing of which, ſeveral things 
will be found. as, the time of the Suns Riſing and Setting, the Length 
of the Day and Night + For it I fubſtract the difference of Aſcenſion from 
6 of the Clock, it gives me the time of the Suns Riſing if I adde it 
to 6-þo, it gives me the time of the Suns Setting ( or the length of the 
ernoon 3 ) which: doubled, is the Length of the Dayz and that ſub- 
Rradted from 24. hours, gives me the Length of the Night. 
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Fe 
-% 


a ai End nec Wee De T Hs 
For the Sans Amplitude of Riſing or Setting, we have gn 


AB the Suns Declination, 17 deg. 47” \... 
, . AP FI p JS, B A 1. R ading, = | 
A'S Bthe Comp. of the Latit. 40 deg. 00 twnBAL;,H8 


To tind © B the Suns Amplitude of Riſing, 


s.BA 17 deg. 47 | 9.438489 
5, © 40 deg. OO', co ar, ; 0.19193 
1, SB 28 dep. 24 9.67682 


Thus the Sun rifſeth Eaſt 28 deg. 24' Northerly 3 you may frei; Þ 
Northerly, by the Scheme. l 
And the Amplitude of the Sups Riling, is very uſcful at Sea, told Þ 
the Variation of the Compaſi : torſo much as the Sun riſeth by the Con Þ 
paſs to the Northwards, or Ealtwards of this true Amplitude of tk Þ 
Sun, ſo much is the Variation of the Compaſs; and you mult rite 
your Courſe accordingly, _ | 
Now this littte Triavgle; C if you mind it) is made of the Cor #| 
plements of that Triangle B Dt, which wrought the Caſes by; ad Þþ 
f you ſubſtract the things tqund in this, from thoſe Arches to gody, | 
you?!l find the remainder S to be the tides of that z as in. the Sghene, | 
E D is the Poles Elevation, DK is the meaſure of the Angle at V, a 
is the Complement of the Poles Elevation. . | M 
BE D is the hour from midnight to the Surs riſing, K A is themes vÞ: 
fure of that Angle, whole Complement to go deg. is A OG, the diſk | 


rence of Aſcenſion, or the time between fix of the Clock and thekw |} 


riſing. | 
DB is the Suns Azimuth fron the North, B & is the Suns Ampliut N 


. of riling, and the Complement of that 3 the Angles at B in cach Tray } 


ele are equal, E Bis the Complement of the Suns Declination 3 Bas Þ 
the Complement of that ( namely, the Suns Declination, ) p 
I made uſe of the Angle BE D to lay down the Calces, becauſeits Þ 
more viſible, and fo ſheweth .more plaivly than avy other Triangle Þ 
the Sphere, I ſuppoſe my Father made uſe cf that Triangle for tht | 
xcaſon, and for the ſake of the other Angler that depend upcn it. | 
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Pao. 1I[.- | 


. Latitude 50 deg. oo min. Northerly, Declination N ortherly 
' 17 deg. 47 min. [demand the Suns height at 6 a Clock. 


Z6 O is an Azimuth interſe&ing the Horizon, and cutting the Pa- 
rallel of Declination, in the place where. the Sun is at fix of the Clock ; 
' fo that O 6 is the Suns height at fix a Clock : and to find it,we have 
- {n the little Triangle 6 & O the Angle at the center S, the Poles Ele- 
yation. It's meaſured by the Arch ED 50 deg. o0' 
, The Sus Declination © 6 17 deg. 47' 
It's an Oppoſite Extreme, and O 6 is the middle part. 


5.6 5 O-þ Radius, is =tos. 5 64-6 O. 


5. © 6 17 deg. 47 9.438489 
5.6 © O 50 deg. of 9.88425 
5. 6O 13 deg. 32 | 9.36914 


Let the Latitude be the Angle OB 6 50 deg. oo! | 
The Szns Declination be S' 6 17 deg. 47' 
And let the Suns Azimwth be required O& = tos! 


5.co. © O + Radins, is = tot, B&—+ t. co. 6 0O. 


| = $00, v6 I7 deg. 47', C0s als 9.50615 
'N 5.0, 65S O 50deg. oo 9.88425 *© 
' if t. 3 O 14deg. 137 9.39040 
PROB. IV. 


| Latitude Northerly. 50 deg. 00 min. Declination Northerly 
| 17deg. 47 min. 7demand the Suns height, being due Eaſt 
_oWeſe. 7 | 


| DT EtEXC bea Meridian, cutting the Eaſt and Weſt Azimuth in 
| £ the place where the Sun is when he is over the Eaſt point of the 
Compaſs ( which is at X. ) Then in the litcle Triangle. X C'S 

_ (right angled at C ) you have the Latitude given X © CG 50 deg. 00! 

, | (meaſured by the Arch ZP the Latitude, or Equinotials diftar:cc _ 
| Wn the 
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the Zenith ) and X GC the Suns Declination to find RE, the Sun 
Roe being over the Eaſt poirit of thic Horizon. '| 


3 GX Þ Radix, is =to.5.X.V + s.XbC. 


 8.XSC 5odeg.) OO", 00. ar, 0.11574 

#5.XC 17 deg. 47' 9.49489 

| PE 23 deg. 3o' 9.60063 
PROB. V. 


Latitude 50 deg. oO min. Northerly » Declination Northeh 
17 deg. 47 min.” / demand"the time OE the Suns "el d 
Eaſt | 


TP the Triangle KC I let C & X bethe Latitade rode oo | 
And let G Te the Suns Declination 17 deg. 40' 'requizedC = 


to 6 X, 
r. 5 C + Radius, is=to t.co, © d- $,XC. 


- 6, CY 17 dig 49802" <<. 9.50615. 
#2,XGC 50 deg. od' 10,07618 
s. © C 22 deg. 20% 9.58233" 


And this'22 deg.'28' converted into tittie;'is 1 ho.'29” 52/!; wy 
(in this Cafe) addtd to fix hours, -gives"the time of the Suns bei 
duc Eaſt, nafriely'7 bo. 29' 52”, 4 M 


PROB, VI. 


Latitude 5odeg. oo min. Northerly , Declination rel Z 
17 deg. 47 min. 7 demand the Suns place in the | 
allowing. his greateſt Declination 'to be 2.3' def. 30m 
April the zoth 1690. 


I* this Caſe we have no need of knowing the Latitude, for the fab 

ing the Suns place 3 but in the Triangte '& ba (right we at fl} 3 

we have given, 
b © a the Suns greateſt Declination'” 23 deg. 30 
ab is the preſent Declination 17 dep. Me. 
And & b is required ( the Suns phce'in tis Eckl ) 


wm 


© Queſtians in Aſtranamy, 
7. b a + Radix, is =to 3.'b 4 5.-b a. | 


# ba: 17 deg. 47' 9.49489 
1.4 © b_23 dep, 30O', co. ar. 0.39930 
1.48 q9de. 59 9.88419 


© Now this 49.deg. 59' divide by 30 deg. and it gives, me the degree 
F cf the Sine the-Sun is in, becauſe 3o degrees is oneSine. 
' -  ]find it comes to 19 deg. 59 above one Sine 3 fo that he muſt be 
In 19 deg. 59" of ©. fn | 


| PROoB. VII. 
The Suns greate$7? Declination is 23 deg. 30 min. and let the 
' Suns preſent Declination be 17 deg. 47 min. I demand' his 
| . right Aſcenſon, April the 3oth 1690. 


In the Triavgle & þ a we have given, 
bg 17 deg. 592 


bVa 23 deg. 30%>51.4a © + Radis, is = #; co..V + t. ba. 
And © u is required; ) 


| be rnd. a © 963830 
| IS 7% F. C0. o 43 deg. 30 F- | 19.50515 


4 xy 4408 47 dep. 29 5s $:36785 


A  PRoO8B. VIIL Is 
| It the greateſt Declination be- (85: before ) 2} de g. 30 DOE 
and the Suns place in tbe. Ecliptick be gg. deg.59 min. 7 de- 


> 4 


mand his preſent Declination.” 
| \In. the ame;Triangle & þ.a.is given, | 
'' ;— . 49-deg.- 59': RE te T2 
«wp 23 deg. 30 LB Std iii 7b 1 
 wilredþ a the preſent((** * * TR = Cr tB rd 
Declination, | —— Woletve 1-059 ot 35; af 


*. &? 


Mm 2 1Tb 
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r. © b 49 deg. 59' 9.88414 
nach 23 deg.zo' | 9.60069 
S. ab 17 deg. 40'. ” 9.48483 


” PROB. IX. 


Latitude Nertherly 50 deg. oo min. Declination Northerh 


' 17 deg; 47 min. 7 demand the continuance of Twi-light, 


T's the Opinion of all men, that when the Sun is 18 degrees unde | 
the Horizon, the day breaks. Admit it fo here; and let Li$Sh 
a Parallel 18 degrees below the Horizon 3- Z e is a great Circle or 4. 
zimuth interſeing the Parallel of 15 degrees in the pointe: So tht Þ 
in the right angled Triangle © e n (right angled at =) we bye 
given, : | 
en 18 deg. 00" 
e © 140 deg. ood en Radins, is=tos.e © n 45.8, 
to find e © ), | 


ens. 17 deg. of 9.48998 
e © 1.5. 40 deg. OO', co. ar. 0.19193 
Gay 28 deg. 45/ 9.68191 


And this 26 deg. 59' converted into time, is 1 ho. 48S” neareſt the | 
continuance of Twi-light. 

Note, That QB is the continuance of Twi-light, but it is equal 
V a, here found, | 


PROB. X. 
To find the time of Day breaking. 


WW Ell give the ſame Latitude and Declination as before, and fin 

by it the continuance of Twi-light ( as we have done before) 
to be 1 ho. 48' 3 this ſubſiracted from the time of the Suns riling 
which was found before to be 4 ho. 30' 08”, leaves the time of day, 
breaking 2 bo. 42 33 or if you adde it to the time of the Suns ſetting 
it gives the time of Twi-light ending 09 bo. 17'. RB 


s 
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PROB. XI. 


To find the length of the Longeſt day in any Latitude. 


Latitude 50 deg. oo min. Northerly, Declination Northerly 
2.3 deg. 30 min. 7 demand the length of the Longef? day in 
that Latitude.. 


Fig. I. } Conſider that the Longeſt day in the year in any North 
| Latitude, is when the Sun is in the Tropick of Cancer 3 and 
that's the reafon that I give the greateſt Declination Northerly, which 
is upon the 10th of F#ne : ſo then in the Scheme Fig, II. P AB is a 
Meridian, cutting the Horizon in that place where the Sun riſeth, 
namely at Az and in the Triangle AB Y ( right angled at B) we 
 havegiven, . - | 


AB the Suns greateſt Declination 23 deg. 30' 
BY A the Complement of the Latitude 40 deg. 00' 
To find BY (==to Ab) the difference of Aſcenſion that day. 


s.BR + Radius, is =tot.BA+t.c. BY A, 


t.BA 23 deg. 30 9.63830 
t. co. BY A 40 deg. oo _ - 0.07618 
BY 31 dep. 13 9.71443 


This 31 deg. 13' converted into time, is 2 ho. and near 5' 3 which 


added to 6 hours, gives the length of the-Forenoon ho. min. 

BO= toAL | os o5 _ 

Which doubled, makes the length of the day 16 10. 
PRrRoB. XIV. 


=. 7 find the length of the Shorteſt Night: 


/ ne the length of the longeſt day, as before, aud ſubſtra& that from 
24 hours, and it gives the ſhorteſt Night. It's hexe 7 ho. 50' 


PROB. 
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PROB. Aill. BE 


Latitude 5O deg. O09 Min. Northerly, Declination Northerl 
17 deg. 47 min. / demand the length of the ſhorteſt mn 4 
that Latitude. | 


] Know the length of the ſhorteſt day is-= to the length of theo. 

telt vight, and that was done in thelaſt Problem 3 but admit it wy 
not found, In the Scheme Þ F D is a. Meridian, cutting the Sun at hi 
riſi 10g, when he is in the Tropick, of Capricorn ( namely. at'D ) and 
che'Triangle DF = ( right arglcd at A) you have given, 


D = FX, the Complement of, the Latitude (whoſe meaſure v0 
4.0 leg. © | 

F D the Suns Declinacion Southerly 2.3 deg. 30/ 

And = F (which is=to 6 D) is required, the difference of A 
cenſion that day. | 


= ZE + Radineyis = tO 4. co, DEF1-2:FD. 


.t. FD 23 deg. 30 9.63830 
t,co. D B® Þ, 40 deg. o0' - 0.07618 
So = A 3 * deg. 13 | | 9.71448 


This SE igto time, and Gubſtradted from 6, hours, gives the | 
length of the Forenoon 3 which doubled, is the levgth of the ſort 
day in that Latitude. | | 


Example. 


* XOis=to DB, the length of the Forenoon. Now you) 6 bv. 00 
may {ce that is not 6 hours by:Þ.N ters bing 7 5 & 


LF from it, ——_— 
And it leaves the length of the Forenoon 3 J 


Which doubled, is.the.length'of the day. _ _ | 73 


Queſtions in Aﬀtronomy. "042. = "MEU 


0 


PROB., XIV. 


| Intitude Nor therly.- 50 deg. oo min. Declination Southerly 
17deg.47 min. Tdemand the Suns Amplitude of Riſing, 


Fio, [I. N the Scheme Fig. III. in theTriangle CR =,right angled 
Ty 3 6 | at R, we have given, 


The Suhs Declination C R 17 deg. 47' | 

| TheComplement of Latitude C = R '4o deg. oo'f 5,R CE Rad. is 
And-the Amplitude of 'the'Suns Riſing = C:is re-F =to's, C = + 
_ quired. | 8 =, 


I leave the operation of it to your own praQice, 


PROB. XV: 
Latirazle  Northerly © 50 deg.” 00 min:'-Declination - Southerly 
17 deg. 47 min:'/ demand the difference of Aſtenſton. 


Þ the ſame Triangle C R =; we have given R C:the Suns Declina- 
tion, and R z C the Complement of the Poles Elevation, to fird - 
zKk=to'C 6, the difference of Aſcenſion. If it were wrought, .it 
would be 22 deg. 28', or 1 ho. 30' ( neareſt) and ſo much the Sun 
Rho 6 of the Clock. | 
| ercfore that ſubſtrafted from” 6 hours; leaves the length of the 
Loon RM = to GB; which doubled, is the length of the 
ay 

That ſubſtratcd from 24 honrs, is the letigth of the night. 
The difference, of Aicention (in.this taſe) added to 6 hours, gives 
the time of the Suns riſing, becauſe *tis after 6 of the Clock. 
The fame difference of Aſcenſion ſubſtracted from' 6 hours, gives the 
time of the Suns ſetting, Ta 

The Suns Azimuth at 6 of the Clockis'6%þ = to' 4; and -in the 
Triangle 4 >: 6, right angled'at 4, we have given 6 > 4the Latitude, 
and = 6 the Declination, to find 4 2 3 I leave the operation of it to 
ycur own praCticc. 


PROB. 


a —_ , 
COP. ex FIX 
n 
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PROB. XVI. 


Latitude 50 degrees Northerly, Declination Southerly x7 dey 
47 min. 7 demand the Suns place and Right Aſcenſion, Ng. 
vember, 1684. 


2 Suns place in the Ecliptick is in the Southern Signes, becauſe 
his Declination is Southerly, itis © S; and in the Triangke 
= W ©, right angled at V/, you have the Suns greateſt Declination 
given, © = W 23 deg. 3C', and his preſent Declination © W 17 dep, 
47' , whereby you find the Right Aſcenſion in the Southern Signes, xx 
before you did the ſame things in the Northern Signes. 

The Suns Right Aſcenſion is W =, in the {ame Triangle, andis 
' found with the ſame given things that his place is. 


PROB. XVII. 


Latitude 50 degrees Northerly, Declination Southerly 17 ty, 
47 min. 1 demand the time of the Suns being due Eaſt. 


N this caſe the Sun is under the Horizon, when he paſſcth theFaf 

. point of it, as att: ſo that 26 is found in the Triangle ® Xs, 
it being=toX=; and we have ?X, and 2 X given, to findit; 
When it is found, ſubſtra& it from 6 of the Clock, and you have your | 
defire. Addeit to 6 hours, and it gives youthe time of the Suns being 
due Weſt, ON 


a 


PRoB. XVIII. 


Latitude and Declination being as before, I demand the caitt 
nuance of Twi-light. 


He - continuance of Twi-light is 1 ;- ſo that in the Triang 
4m =, right angled at m, we have given, 


I'= m, the Complement of the Poles 


Elevation 3 And 1 js required : It's 1% 
And 1 *z, the Suns depreſſion below 6 48' 
the Horizon, 


PROB, 
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PRoB. NIX. 


Latitude and Declination as before, 1 demand the time of Day 
| breaking, and Twi-light ending. 


We have before found the time of the Suns riſing to be 7 ho.30 
From which ſubſtract the continuance of | Te" 
Twi-light ( but now found ) I 2. 4. 


The Remainder is the time of the Days breaking 5 bo. 4.2/ 


\ For Twi-light ending 3 add the continuance of Twi-light , to the 
time of the Suns ſetting, and you have it ( for as much as the Sun 
| gives Light before he riſeth ) ſo much it will be after he ſets, before 
we loſe his light. 


FROYE AK 


Latitude Southerly, 50 deg. 0 min. Declination Southerly 17 
deg. 47 min. 1 demand the Suns Amplitude of Riſing and 
Setting. ON 


ig. [V, {© He Suns Amplitude of Riſing and Setting is = B, and 

you have inthe Triangle BA :, BA the Suns Dc- 
ination given, A xz B the complement of the Latitude 3 to find B =, 
Iwillonly ſhew how things lie in the Scheme;and leave the pradtice of 
It to the Learner : =: B 1s required. 


PROB. XX1I. 


To find the Suns height at Six of the Clock , having the ſame 
things given. 


| ho Suns height at the hour of 6, 1s O 6, and it falls in the right: 
4 angled Triangle = O 6, wherein you have given O = b,the La- 
titudez and = 6 the Suns Declination 3 to find O 6. 


Onueſtions it Aftrononty. 


PROB. XXII. 
To find the Suns Azimuth at Six a clock, 


He Suns Azimuth at fix of the Clock is 6 S=to R © =, fothy 
in the right angled Triangle 6 O =, you have the Suns Decin. 
tion and the Latitude given, to find O = the Azimath at 6 a clock, 


PROB. XXII. 
To find the Suns height being due Eaſt or Weſt, 


"7 *He Suns height when he is over the Eaſt point of the Compalsj | 

- R x, and in the Triavgle R 26 ( right angled at b) yu 
have þ =: R the Latitude, and R. b the Suns Declination given , tot 
the Suns height being Eaſt or Welt = R. 


PROB. XXIV. 
To find the Suns place in the Ecliptick, 


aL place in the Ecliptick is  M, and you have the preſent Dd | 
nation M L given,and the greateſt Declination M = L,to findth 
Suns place in the Ecliptick. 


; PROB. X X : 
The Suns right Aſcention is ® L in the ſame Triangle given," 
find the difference of Aſcention. þ 


He difference of Aſcention is B 6 = to A 2, and in the Tri 
# gleBAm youhave the Suns Declination and the Complemen 
of the Latitude given to find it, 


0, 


PROB. XXVT. 
For the length of the Day and Night. 


Dd the differences of Aſcention to 6 hours and double it, and jt 
Y have the length of the Day, and that ſubſiraced from 24 _ E 
gives the length of the Night. PR 
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PROB XX VE. 
For the time of the Suns Riſmng and Setting, 


Ubſtra& the difference of Aſcention: 6 Bfrom 6 hours, and the rc- 
mainder is the time of the Suns Riſing 3 add it to 6 hours and it 
gives the time of the Suns ſetting, 


& 


ATEL ANAYVLE 
| To find the time of the Suns being due Eaſt. 


| T3 time of the Suns being due Eaſt is meaſured from 6 to Y,=to 


þ &,and is found in the right angled Triavgle x þ R,add it to 6 
hours ( after it is converted into time } and you have your delire : 
ſublirat'it from 6 hours and it gives the time of the Suns being duc 


Weſt, 


PROB. XXIX. 
For the length of the longeſt Day in the year. 


7 Ou muſt conceive the Sun to be in the Tropick of Capricorn , be- 
cauſe you are in a South Latitude ; and it is found by the diffe- 
rence of Aſccntion that day, as the longeſt day was found in a North 


Latitude. l 


. The ſhorteſt day is the Complement of the longeſt day in that La- 
titude to 24 hours, = to which is the ſhorteſt Night or the ſhortelt Day. 


PROB. XXX. 
The continuance of Twi-light. 


TisBN, =to © w, and you have e W 18 deg. and e  W, the 


Complement of the Latitude given, in the right angled Triangle 
=W © to find it. ; | 
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PROB. XXXI. 
For the time of Day breaking. 


7 Ubſira& the continuance of Twi-light from the time of the Suns.ti. 
ſing ( before found )) and you have lt. 7 
Add the continuance of Twi-light, to the time of the Suns ſetting (he. 


fore found) and you have the time of Twi-light ending. Thus much fr 
right angled Spherical Triangles. 


CHAP. XX xLI. 
The Do&rine of Oblique Spherical Triangles. 


Or the Reſolution of the firſt two Caſes of an Oblique 
Spherical Triangle, take this for an infallible Rule, 


That the Sine of every Angle of a Spherical Triangle is proportional tothe } 
Sine of bis oppsſite ſide 3 or,. The Sine of every fide, is propurtional to th 
Sine of bis oppoſite Angle. 


So that the work is as cafie ( for theſe two firſt Caſes ) as for the 
ſame Caſcs in right lined Oblique Triangles 3 therefore 1 need ay no 
more, but come to the Caſes. Kath 


CASE. r. | 
Two fides of an Oblique Spherical Triangle, with an Angle oþ 
pofite to one of them gzven, to find the Angle oppoſite to tht 
other: | 


Dmit ( in the Scheme following ) that there be given the 
\ £AX gle E ZP, which repreſents the Suns Azimuth from the North 

124 deg. 45' the Complement of the Latitude P Z 40 deg. 00' tit 
Complement of the Suns Declination E P 72 deg. 13/, and it were rr 
quired to find Z EP the Angle of the Suns Poſition, 


| 


* 
s 
FP — 


\, A oy 
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That the Sine of eve 
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E 33 deg. 41 C And let EP be required. 
| OZE 55 dep. 15/ | 
F fay then, | 
| As v. ZE P 33 deg. 41/ C0e Ao 0.2560r 
Tos. 4P 40 deg. o0'.. 9.80806 
$H;EZO 55 deg. 15' . 9.91465 
ToaEP 72 deg. 13' _ 9.97872 


and this is proved by the firſt General Axiome, That the Sine of the mid- 


| Now the ſame Perpendicular and Radius in the Triangle Z BE is = 


I fay then, 


 AsEPs.72 deg. 13' co ar. - © 0.02126 
Is to E Z P 5.(its Comp.to 180 deg. E ZO) 35 deg. 15 9.91468 
Sois LP 5. 40 deg, 0 9.80806 


ToZEPs. 33 deg. 41' 9.7 4400 


CASE 2. 


Two Angles, and a fide oppoſite to one of them gives, to find the 
fide oppoſite to the other Angle. - , 


. In the ſame Triangle let their be given 
PZ ' 4O dep, oo 


The reaſon of this is plain 3 for if you let fall the Perpendicular Z'B 
from the obtuſe Angle Z, it devides the Triangle into two right angled 
Triangles, namely Z BP and ZBE ; I ſay then, that ZB and Radius 
Is equal to the F. co. oft ZP and P; becauſe the Perpeudicular is the 
middle part; and it is an oppoſite Extreme (in the Triangle Z BP ) 


ale part with Radius , is == to- the Sine Complement of the oppoſite Ex-- 
tremes, 


toZPand P, and thereforealſo = to Z E and E, for there it's an op- 
polite Extreme alſo, and in both the Perpendicular is the middle part, 
and ſo put with Radiwsz ſo that from hence it's evident that 
ZPandP,is=toZE and E ( the two Extremes in one to 
_ the two Extreams in the other ) and therefore they are 
proportional. So, 
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So that as ZP the Hypotenyſe in the one 
Is to ZE the Hyputenuſe in the other, 

So is Þ the Angle at the Baſe in the one 
To E the Angle at the Baſe in the other. 

At this rate then, if in one Triangle ( right angled ) you hayegi. 
ven any things to- find the Perpendicular 3 call them as you would g Þ 
to find that; when you put them in reſpondency as here if you hy | 

ven 
: ZP and P, to find the Perpendicular Z B, you would ſay 
5. LB + Radius, is=to 8. 2 P+ xs. P, 

Why then when you put things in reſpondency, I would ſay, 


As .ZP'is in proportion to 5. Z E The like is to be undertoy Þ 
So is 5. ZÞ Ein proportion to 9.LE B of any other. 5 


To avoid thrce Operations, we (hall uſe this way through eight Cp 
ſes of an Oblique Triangle, and only point at the way of wat 
ing by right angled Triangles (after the Angle is reduced to tw 
right Angles. ) | 


A general Scheme for Latitude 50 deg. oo min. North) 
Declination Northerly 17 Geg. 47 min. 


< 


10 | 
'e 
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Angles, namely G1 R, and 
| © Sk 


My intent is to uſe the Triangle E Z Þ for the reſolving all the Ca- 


{es of an Oblique Spherical Triangle in which Z P is the Comple- 


ment of the Poles Elevation, Z E is the Complement of the Suns Al- 
titude, E Z P is. the Suns Azimuth from the North; Z E P is the Suns 
Angle of Poſition, E P is the Complement of the Suns Declination, 
EP Z is the hour from: Noon. 


| Of the eight Caſes of an Oblique Spherical Trian- 
ole, and how to reſolve them either at two or 


three Operations ( which you pleaſe. ) 


By letting fall a Perpendicular from any fide of a Triangle, you di- 
vide it into two Right Angles 3 and to do it for your advantage in 
working, pray obſerve this Caution : _ 


Let it fall ſo, that in one of the Right Angles Triangles, you may have two 
of the given things entire, and the third ( as often as you can) entire in 
the other, or elſe be ſure they be part in one, and part in the other. 


CASE 3. | 
Two Sides and the contained Angle given, to find the other 
Angles. | 


N the Triangle ARG ( repreſented in the Scheme preceding, by 
EZ P) let there be given, 


And let it be required to find the An- 
gles G and R. 


"The fide AR 40 deg. oo'y 
The fide AG ' 72 deg. 3'd 
The Angle at A 42 deg. 27') 
Let fall the Perpendicular 

RI within the Triangle, from 

the Obtuſe Angle at R, and 

t reſolves the Oblique Trian- 

þ& GRA into two Right 


The Angle at A 
The. fide AR. 
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In the right angled Triangle A IR, I have given, _ 
d. 


42 
40 OO 


M., 
274 RI + Radits, is =to 5, RA 
 =#0. Mo 


To find the Perpendicular I R. _ 


r.R A 40 deg. oo 
s. A 42 deg. 27' 


s.IR 25 deg. 43 


Data. 


And thus the Angle at G is found to be 36 deg. 35 ( neareſt) 
reſolving the Triavgle into two Right Angles, and working by the 
General Axiome. But therc is a nearer way ( as I have hinted, and 
laid down. the proportion before ): for when I have found Al || 
ſo I G, which ſhould have been the firſt things found ( for in ths ak } 

of rc{ſpondency we do not find the Perpendicular at allz ) oe 


Fo 
San. 40 deg. oo 
CRequired I A; 


.80806 : 

"6 oy The Perpendicular RI tha 

25 deg. 43 

9.637329 

Next Pll find I A, with the ſame things given. 
42 deg., 27" 


% 


&. co. AÞ Radins, =t. AT +t.o ak 2 


. t.co. AR .40 deg. OO', co. ar. 0.92 7:1 
s.co. A' 42 deg. 27' 9.86797 
t A1 31 deg, 46 9.79178 


Which ſubſtratcd from A G 72 deg. 13' 
Leaves I G 40 deg. 27' 


Laſtly, For the Angle at G. 


(RI 25 deg. 43' 
Deed | C Required GC. 
CGI 4ode. 27); 
11R 25 deg. 43”, C0s Are 0.31729 
5. IG 40 deg. 27 9.81210 
t.co. G 36 dep. 35' 10.12939 
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fder what I ſhall call A, and AI, in the.right angled Triangle A1R, 
2 to find the. Perpendicular. R I, and the ſame I will call them, to put 
them in reſpondency with I G and G, the Baſe and Aygle at the Baſe in 

the Triangle RIG. EY. 


(Al : | | 
Data. A | Co LAd-Radin is=tot.c. AJ-t.1R, 

; 098 RU. 7 

is Ti fay then, 

As fo I A the Arch found ZI deg. 46', C0, ar, 0.27863 
 _I5to 5. I G the ſecond Arch 40 deg. 27' . .-9,$1210 
'  Soist. co. A 42 deg. 27' 10.03870 

Tot. co. G / 2": 36 dap-35/ > 10.12943 


Thus the Angle G is found at two Operations 3 but we ſhall touch 


- at both ways, for ſome will like one of theſe ways, and ſome the other. - 


Example 2. To find the Angle at Re 


Admit we have given, as before, 


 Thefide AR 40 deg. 00' | 
The Angle at A 42 deg. 27 And let G R A be required, 
The fide AG 72 deg. 13') 


lnthis caſe, *tis the beſt way | 
' to Tet fall the Perpendicular Frcrabrg be ns 
without the Triangle (as GI is) J | 
. for then you have the Oblique 
Triangle ' reduced into two Z- 
Right Angles, namely GTR G 
| "IO A, both right angled A 
all | | | 


And'in the Triangle GI A, we have given AG 72 deg. 13/ | 
And the Angle at A 42 deg. 27" 
Whereby we may find the Arch A I. 


' $«.C0. AL Radius, is =tot. A I+ ?. co. A G. 


OY Qs | BY 
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t. co. AG 72 deg. 13', Car. 0.49384 

r.co, A 42 deg. 27' 9.96797 

t AI 66 deg. 30 10.36181 
If from A now found 66 deg. zo 
You ſubltrakt AR 40 deg. oo 
The remainder is R I 26 deg. 30' | 


' This done, conſider which will be the reſpondent things to find th 
Angle GR I; and I find that I have Al the Boſe in the Triage. F 
GIA, and the Baſe I R in the little Triangle GI R. Allo the Any 
at the Baſe in the great Triangle (namely A ) reſpondent to the'4whp- 
-at the Baſe in the little Triangle G R IT. So that now we'll conſider 
What we ſhall call AI, and the Angle at A (in the great Triange) |} 
to find the Perpendicularz and I will call them fo, to put them in 


- reſpondenſes. 
| Secondly. 
cCAl | | 
Dae $A. N IA - Radius, is em I t. C0o ALS f, I Cx 
Il Ga | | Wo 
As s.TA 66 deg. ZO' co. ar. 0.03760 
Is tos. RI 26 dep, 30 9.64952 
So ist. co A 42 deg. 27/ 0.03870 
Toz. co. GR I 61 deg, 59' 9.72582 
Thus the Angle G R I is 659 Oe 
Whoſe Complement to | : 180 0 .- 
Is G RA the Angle required I18 OI 


But if in the ſecond place you had found the Perpendicular, then | 
in the Triangle GR I we ſhould have had the Perpendicylar IG 
given, and the Baſe I R ( before found ) whereby we may find the 
Angle GRI. | 


Fxampt | 
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Example: Firſt, for the Perpendiculay G1. 


5. Al G66 deg. 30 9.96239 
fe 00. A 42 deg. 27'. C0 ars 9.96129 
t. 1G. 39 deg. 59 9.92368 


Secondly, for the Angle GRI, 


_.* {G1 39deg. 59 
T A 26 deg. 30 Pol Bains =0tGR1+101 


Required GR I 

f : F 

= GI 39 deg. 59! co. ar. 0.07644 

RI 26 deg. 3O' 9.64952 
t.co, GRI G61 deg. 59 9.72596 


If the like manner it will fall out, that you may reſolve ( as 1 ſaid 
before ) all the Caſes but two ( both of right angled and oblique an- 
- gd Triangles ) by that one General Axiome. 
| The Sine of the middle part with Radius, &Cc. 
[ intend onely to point at the reſolving the Caſes at t Operations ) 
and to do them onely at two. 


| _ CASE 4. 

T T Sides FR their contained Angle given, to find ma third 
ide. | 
In the Triangle G R A, let there be given as before. 


RA 40 deg, o0' 
AG 72 F4 I 3 Fond let the fide R G be required. 
A 4* deg. 27 


CD wid wo 


Fillet fall the Perpandicolas from the Angle-at R within the Trian- * 
| a and it falls upon the fide G A at I, and divides the Triangle into 
two right angled Triangles AIR and GIR and we hay given 
in the Fo AIR ( Triangle 1.) - 


k } 


Oo 2 | | The 
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The fide AR 40 deg- = PITT TY INS 
The Angle A 42 deg. 27' And let the Arc © required, 


7. co. AJ Radims, is = to t. co. AR + t. Al. 


RA t.co, 40d. 00' co.ar, 9.9281 
A s.co, 42d. 27' 9.8679 


Alt. 31 d, 4.6' 9.7917 


From AG 72 dep, 17 | 
A Subfiract AI 3I deg, a6 


_ Theremain. is GI 404g, y 


I conſider now, that I A the Baſe in the Triangle IA R is reſp | 
dent to I G, the Baſe in the Triangle GIR} and that R A is reſp. 


call AR and I A, to tind the Perpendicular, and will call them fo toy 
them in reſpondency. 


As s. co. I A co. ar. 31 deg. 46” o07o 
To $.co.l G 40 deg. 27' 988136 


” ER gy Therefore So 5..co, AR 40 deg. oof 988i 


(Tow RG 46 deg. 43' g.8360 
But inſtead of working of it in reſpondency, we might have foun 
the Perpendicular in the ſecond place and then we had IR andIG 


in the Triangle GIR, to have found GR ( in the third plac) 
bat the working things in reſpondency is better. = 


Example 2.. 
Admit there be given (in Triangle the ſecond } 


a | deg. min. | 
RA 40 oof And let it be requird | 
The fide RG 46 43 to find the (ide G4 


The Angle at R, namely GRA 118 oo) 
lo 


— | L 


dent to GR the thing required : and therefore conſider what I ſhgul | 


4 | 5 EIT: * ' 
V\ 
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In this caſe I let fall the Perpendicular either from G or A without 

the Triangle, as in this ſecond Triangle, and then in. the right angled 
Triangle GI R,1 have given, 


6R 46 deg. 43 _—_ 
 GRI 62 deg. of Whereby I may find the Arch I R. 
| (The Comp. of GR A to 150 4.) | 
8 #:c0. R + Radius, is= tot, co, GR | t.R1. 


q 11.6 R465 4.4.3 C0eArs 0.02603 9 
| 5,0. IR G 62 4, 00' 9.671609 : 
| Sel 

ts RI 26 d. 30 9.697648 Fa ©» 


'|  'ToRA | 40 d,o0o' 
* If youadde the ArchR I 26 9. 30' 


Theſumis Il RA 664.30 


A 


þ 
BM 
| [ confider now that R I the Baſe in the little Triangle GI R;.is 
| given me ».and its reſpondent is AR I the Baſe in the great Triangle 
GIA, ( which is given me too) allo G Ris given me in the little 
Triangle ( it's the Hypotenuſe ) and reſpondent to G A the Hypote= 
| mſe in the greater Triangle, and the thing required :. and therefore 1 
confider what 1 ſhould call I R and R G, to find the Perpendicular; 
| | ad fol call them to put them in reſpondency. ; 


As 5.co. IR 26 deg. 30! car, 0.04820 
| $0 RGY  \Nstos.colA 66 deg. 30 9.50069 

| C Theron So is 4. co. GR-.46 deg. 43' 9.83607 
| Ts, C0s | R | 


E 4 


To xs.c.GA 72 deg. 13' required 9.48496. 


But. if you had found 'the 
Perpendicular ( in the ſecond 
place ) then in the third place 
you-would haye had I A, and 

| | + 1G, tohave found the fide re- 
| UUdGA, in the great Tri- 
_ _ageGIA, 
In this caſe you might have G ITE | 
&t fall the Perpendicular, as here jn this third Triangle, from the Angle 
at. 


2 —_—  —— —  — ———— 
_* | p 


of GRA to, 180 deg.) to have found RI ( the 


—_— 
_— Ge oh 8 ” ” ttt 4s 
2 nm =I; 19 v6 nr PADS. OS x ETD - - —IRIEEI > Ab3 > Ws Ms» bots TE actos RCTS on . _ 
Ly wo: © TY , . by at. bs - "ET 27 i an, eo AAS = I RIES il tal? c 
" . . 1 *\ - . . [; POE”, s ©," VET. 
; _ wen #6 thi” F WY WA 
- . - s , y £5 
.* - -M 
Fry 
. 4 L 
bn. . " & 4 
- 
(3 
#3 
£ 
« Ly 
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at A, and fo you would have hal AR and ARI (the Gomplenyy | 
| | Balc in the lg, þ 
TriargleR1A};) that found, you have it, and RA reſponder 


1 OG, and A G in the great Triangle, which would have donethe of 
thing, Fg We. 


CASE 5:44. 


Two Sides, with au Angle oppoſite to one of them, £1ven, tofu þ 
the Angle between them, 


| Let there be giyen in the Triangle 3. 
RA ---40.dep. 00: We 
The fdeG A 72 mages And let it be required to find the 4 |Þ 
Py ſ os gle at A. | a 
The Angle at G 36 deg. 35/) 
Tf you let fall the Perpendicular without the Triangle ( asherh Þ 
the third Triangle ) then you have given in the Triangle G 1A (rolt 
avgled at I ) RES. 


The-fide GA : 72 deg. 13' 


v, co. GA + Radics, is =to t.co, GA t.co. GAL 


::-*+ 08 $0 36 deg. 36' co. arc 9.87079 
| EL, "of © NS 9.48489 
+ GAIr. co. 77 deg. I 4 nts 9.35568" £ 
hy E- 


I conſider now, that GA 
the great Triangle is pwr | 
dent. to A Rin che lite Ti 
;angle (bcing both the Hp 
tenuſes) and GAT init Þ 
great Triangle is reſpondent F 
RAI in the little one. lit 
then what I ſhovld call 6) 


G 1 
CY 


and G AI to find the Perpendicular AI; and the ſame Icall thei 
put them in reſpondency. Io, JEM Ke 


. 
} 


| I 


BS. T2 8 


i Ast.co, OA 72 deg. 13" cow. 0.49384 
GOAT ' Ns to t.co. A R 40 deg. 00) 0.07618 
" "ih & Therfor So s.co. GAIL 77 deg. 14 9.34435 
H' , (0 / Tt of Er ares 
Ba To $.co.RAIT 34 deg. 47' 9.91437 
From CG Al 77 deg. 14' By reaſon of the negle& of the fra- 
 Gbftat RAT. 34 deg. 47/6 tions of a minute in cach fide 
Ha ———C( and Angle, this is near one mi- 
The rema. is G A R. 42 deg. 27' ) nute out. 
oy Example the. Second. 
Þ - 6s 
| Tack -1: JOE: i: let the Angle 
* The Angle at A, namely G AR' 42 deg. 27'). GR A be requirede 
In this caſe we let fall the 
Pjendicular within, as in the 
# ffTriavgle, and fo we ſhall 
# ineAR, and the Angle at 
Agiven (in the right angled 
Tangle AIR ) to tind G 
+ | o Rn #7 
(AR 40 deg. oo'y ori. o 
Dandl 44 = = C0s K +; an is = tO Cle A = 
 .URA required. TOON : | | 
tw A 42 deg. 27/ car, 9.96129 
$.c0, RA 40 deg. od 9.88425 
tc ARI 54 deg. 59' 9.84554 
Next, I confider that I have given in the Triangle AIR, the fide 
AR, and ARI, Theſe being refpondent to R G given in the Tri- 
. ample GR 1, and GR I the other part of the Angle GR A required, 
| Teonfider then what I ſhould call AR and IR A, to find the Perpen* 


= wt= & S, 


o 
R 
” 
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Gcalar RI, and the ſame I call them in reſpondency. 
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As t.co. RA 40 deg. o0' c0.ar. 9.923813 Lo 
5.co RAY. Is to t.co.R.G 46 deg. 43' 9.973% 
> Therefore So is $.c0. IR A 54 deg. 59/ 9 75871 


en __ 


f. C0, R A 7% | 
7 To s. co. IR G 63 deg.%*01' 9.65654 | 


But if you had found the Perpendicular, as you might have do 
( in the ſecond place ) then would you have had G R and the Poe. of 
dicular, ( in the Triangle GIR ) to have fund GRI FF: 


Add IR G thus found to be 63 deg. ol' 
To I R A before found to be 54 deg.5g'  Þ 


* An youve 0A the Angle requir'd 118 eg. a A 


CASE 6. 


 TwoSides with au Angle oppoſite to one of them given, ta ful | 
the third Side. Wes” 


[et the ſide A G he as before 72 dege 13 


The fide GR be 45 deg. 43 
The Angle at Anamely R A G be 42 deg. 27 


And let the fide A R be required. 


Let fall the Perpendicular asin this ſecond Triangle from Gandfoin þÞ 
the right angled Triangle AI G 1 have given. | | b: 


A G 72 deg. 13'} Whereby I may find the Arch 

A 42 deg.27'F Al. | 
S. 00s A+ Radius, is =t0t. co, AG +1, Al 
t. co AG 72 deg. 13' co. ar. 0.49304 : 
S, co. A 42 deg, 27' 9.86797 b- 


4. AT 66 deg. 30' I10.36181 


Hypotenuſe in the great Trian- 


| the little Triangle , whereby I Po 
* mayfind R I, which being done, * 


'AlI FL. C6. 
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- Now I have given. G A the. 


ple, and its Reſpondent GR in 
the little Triangle; alſo A I 
the Baſe in the great Triangle, 
Reſpondent to R I the Baſe in 


ſubſtraſt it from T A, and the 


remainder is R_ A, the fide required; 


Example, 
I conſider what AG and A I muſt be called, to find the Perpendi- ' 


* - lar, and the ame I call them to put them in reſpondency. 


As 1s. co. G A 72 deg. I3' co: ar. 0.51510 


GA 5.4 .. Jls to s.coR OC 46 deg. 43' . 9.83607 
F Therefore $0 A 1 66-20 67” Moth 


 Tos.coRI 26 deg. 30' 9.95185 


From the Arch A I firſt found 66 deg. 30 
Subftract I R here found 26 deg. 3d 


| - And you have R A the fide required & 40 deg. 00' 


Here infiead of putting things in reſpondency , you might have 


found the Perpendicrular in the ſecond place, and ſo you would have had - 


GRand GlIgiven in the little Triangle GI R to tind R I, 


Example the Second. + : | Oak win 
Let there be given the fide AR 40 4. 0o'y And let the fide GR 
The fide A G 72 d. 13 C be required in the 

| And let the Angleat R name- 118 4, oo'3 third Triangle. 


SE © © CA TOs =h 
If you let fall the Perpendicular from A, as AI then you have gi- 
renin the Triavgle AR I (right angled at [ ) 


Wo Pp Mo The 
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The fide AR 40 deg. o0' _ Wy. ; 3 
The Angle GR A Cher y you may find the ArchlR | 
Its co.to 180d.AR F $3 2eg-09 | i 


DM 


d. m. | 
5. R 62 00 9.67164 | 
a t. R A 40 OO 9492 3813 C1 


tRI 21 31 | 9.59542 


I conſider what ARwWw | 
R I muſt be called ta find ty F. 
Perpendicular,and ſo call them 
to put them in reſpondency, 


AsSs#.co, AR 40 deg. OO' co. ar, 0.11574 


Tos.co. AG 72 deg. 13 . 9.48489 

So 2.co.RI 21 deg. 30 _ 9.96867 

To £.co, IG 68 deg. 14 9456930 
 Fromt G 68 deg. 14/ 


Subſirat I R 21 deg. 31 


tet, 


The remaind.is R G 46 deg. 43/ 


Here in the ſecond place inſtead of putting things in reſpondenc, | 
you might have found the vp gon and then you would have ud | 
IA and A Gto have found G I in the right angled Triangle GIA | 


CASE 7. 


Two Angles and the Side between them given , to find the third 
Angle. 


| Let there be given in the firſt Triangle G R A 
== The Angle at A 42 deg. 27' 4k 
The Angle at R 118 deg. 00' its Comp. to 180 deg.is AR I 62 deg-.00 
The tide R A 40 deg. v0 
And [kt it be required to find the Angle at OG. 


'To 


* Torelolve this Queſtion , let fall the Perpendicular within the Tri- 
angle as you fcc in Triangle firſt and then jn the right avglcd Triangle 
FF AIR we have given | 


AR 40 deg, 5d Whereby we may find AR I 


A 42 deg. 27 
tA 42 deg. 27' 9.96129 
r.c0, AR 40 deg. o& 9.88425 
 t.oTIRA 54 deg. 59 | 9.84554 
From ET deg. of G'RA 
Subſtrat 54 deg. 59 IRA. 


The remainder is 63 deg. o1' IR G 


> "Now you have Aand AR In BR 
- the Triangle AIR given, and they | 
are reſpondent to G RI, and the 
Angle at C , fo that I fee what I 
muſt call A, and ART, to find 
| the Perpendicular, and the fame I 
+ © call them to put them in reſpon- 
' dency, . — 


A 


| Pas SAR docs Ao Rin s=tosn ARIS.oR1T 


R Ireq 
| I fay then; 
Ass.ARI 54 de 
fe 59 Cle af, O,08672 
Is tos. GRI 63. deg, oN' Sohoos 
So is J. C0. A 42 deg. 27' 9.86797 
To 5. co. G | 36 aeg. 35/ 9.90463 


Here in the ſecond pl ihr | ie Perpendi 

le nd place you might have found the Perpendicular, 
and 6 you would have had RI and G R.I to have Gund? the tagl 
«TG (in theright angled Triangle R. 1 G ) 


%* "FP 3 Example. 
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The fide AR 40 deg. 00' 
The Angle GR A d 62 deg. oo! 


| Wherth you may find the ArchIR 
Its co.to1804.AR 1 ee EY 


M 


d. m. | 
s.ea,R 62 00 9.67169 | 
tRA 40 OO 9.923813 8 | 


tRI 21 31 9.599944 


I conſider what ARwd | 
R I muſt be called ta find th |. 
Perpendicular,and fol call thm | 
to put them in reſpondency, F 


As 1.c. AR 40 deg. OO" 0. ares O.I1574 
Tos. co. AG 72 deg. 13' . 9.48489 
So 5.co,RI 21 deg. 30 _ 9.96867 


—— ——_——_— 


To x. co, 1G 68 degs 14 | 9.56930 


| From G 68 deg. 14 
Subſtra&k ] R 21 deg. 31' 


'  Theremaind.is RG 46 deg. 43 


Here in the ſecond place inſtead of putting things in reſpondency, i 
you might have found the nan and then you would have ud | 
IA and A Gto have found G I in the right angled Triangle GIA | 


CASE 7. 


Two Angles and the Side between them given , to find the thid © 
Angle. | 


Let there be given in the firſt Triangle G R A 
The Angle at A 42 deg. 27 | 
The Angle at R 118 deg. oo' its Comp. to 180 deg.is AR I 62 deg.00 - 
The tide R A 40 deg. v0 


And kt it be required to find the Angle at G. os 


| - the Triangle AIR given, and they 
- arereſpondent toG RI, and the 
Ale at C, fo thatI ſee what I 


b the Perpendicular, and the fame I 
-- call them to put them in reſpon- 
* dency. - 
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AIR we have given 


"0 Y - wo > Whereby we may find A R 1 


EY, 42 deg. 27 9.96129 
$.c0, AR 40 deg. 00 9.88425 
t.colIR A 54 deg. 59 | 9.84554 

From 118 deg, of G'RA 
Subſirat 54 deg. 59! IRA 


The remainder is 63 deg. on' IR G 


Now you have Aand AR Iin R. 


muſt call A, and ARTI, to find 


"| Pas AR dues Ao Rin is =» t0- 5, ARID. o RT 


_ CC lreqq 
| I fay then; 
Ass.AR1 54 de ; 
fe 59 Coe Ars 0.09672 
Is tos. GRI 63. deg,” on' S gh004 
So is $, C0. A 42 deg. 27' 9-86797 
To 5. co. G 30 aeg. 35/ 9.90463 


Herein the ſecond place you might have found the Perpendicular, 


ind fo you would have had R-1 and G RI to have found the Angle 


| KG (inthe right angled TriavgleR I G ) 
q 4 Wy 0:3 Example. 


« Torelolve this Queſtion , let fall the Perpendicular within the Tri- 
angle as you ſce in Triangle firſt and then jn the right avgled Triangle 


ET PR 
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Example the Secoud. 


AG 72 dep. 13/ | 
Data. 3 AG 42 deg. 27/FRegurd GR A 
GG 36 deg. 359. 


& Toreſolve this Queſtion,yoy 
SE, coder SED, may let fall the Perpendicular & 
0” \ ther from A or G,it's indifferent 


which, -( but here we uſe it x 
let” fall from A ) and in th Þ 
Triargle A G 1 we have gina 'f 


AG 
| and GFTo find G AT, 
t,G 36 deg. 35” 9.87052 
$,. co. GA 72 deg. 137 9.484.389 
co GAIT 77 deg. 14 9.35541 
. From G Al 77 deg. 14 
Subſtract G AR 4.2 deg. 27 


The remainder is R AI 34 deg. 47' 


So that now we have G and G Alin the-Triangle GI A on : 
and they are reſpondent to R Al ( given in the little Triangle) ad 
the required Angle ( its Complement to 180 deg, oo' ARI, 


We may ſay then, 
As 6, GAl 77 deg. 14' co. ar. 0.01090 
 Istos. RAI - 34 deg. 47/ 9.75623 
| \ So is. co, G 36 deg. 35 9.90471 
To's. C0s ARI . G1 deg. 59 9.67104 ; 


We might have found the Perpendiczlar in the ſecond place, and 6 | 
we ſhould have had I A and R Al to have found A R I the 4ige 
quired ( in the Triangle AR I ) OA 


ZE. AER. x at w 


 [r fromR.and then in theTri- G 
#  aoglcAR I (right angled at 
# 1) we have given AR and TOR 
| the Angle at A, whereby we may find the Angle IR A. 
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CASE 8. 


_ Angles and the Side between them grves to find one of the a- 


ther Sides. "S 

Let there be given in the Triangle GR A 

The Angle at R 115 dep. oof | 
The Angle at A 42 deg. 27' 
The f\deAR — 40 deg. o0' 

And let R G be required. 


Here let fall the Perpen di 20m 


s.c0. BR A + Radims, is = tot. co, AS-t.co. TRA, 


t. A 42 deg. 2% 9.961291 
$.co AR ' 4O deg. o0' 9.884.254. 
t.co. IRA 54 deg. 59' 9.845545 
From G R A "nas deg. od 


Subſtract I R A now found * 54 deg. 59 
And the remainder isI R G 63 deg. ol' 
Now we have Given AR and 1 R A, in the Triangle A1R, which 


ls reſpondent.to I R G ( given in the Triangle ). and R G required: 
I conſider what I muſt call AR and IRA, to find the Perpendicular * 


| indthe ſame I call them to put them in reſpondency. 


AS $.co. IR A' 54 deg. 59' co.ar. 0.24122 


noſR A to Is to 5.colR G 63 dep, 01! 9.6567 6 
WIR A & Therefore So is t. ca. AR 40 deg. 00' IQ.07618 
| Tot. co. RG 46 deg. 43' 9.97416 


But 


'G 
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But in the ſecond place, with AR and IR A, you mighty | 


found the Perpendicular z and fo you would have had R 1 and 6p 
in that Triavgle, to have found R G required. bs 


Example the S econd. 
Let there be given, as before, 


FRny- 
T4 
' 


The Angle at R, namely GR A 118 4,00'- Its Comp, to 1804; | # 


"The Angle ARI 62 deg. oſel 
R A ' 4O deg. 00 © And let A, G be required, 
GAR 42 deg, 27'). 2 


In this Caſe, let fall the Perpendicular without the Triangle on : 


A, and ſo in the right angled Triangle A R I, we have given, 


de: | 
AR 40 oof £.co. R A+ Radins, is= to þ. 0, 
ARI 62 oof IRA+tio RAT. | 
To tnd R Al. | 


cZ I "I —— 


£ 


Rn” % t.co,R Al 34 4, 46/ | 10.1589. | 


A And it makes the 77 dil 
Angle IAG 


We have now in the Triangle R AI (right angled at I ) theft 
RA, and R Al given 3 which things are reſpondent to the given 4 
gle G AI, and the required fide G A (in the Triangle GIA; ) Tar 


fider what R A and R Al muſt be called, to find the Perpendinin, | 


and fo I call them to put them in reſpondency. 


IRA 624.00 omg l 
0 $.c0. R A 40 d. od 9.9845 I 


\ Tothe AnggivenG AR 4zay' | 
J TI add this Angle found 3444. 


 (Ass.c0. RAT 34 deg. 46' cours 0.06540 Þ 

tc RAY Is to £.co. TAG 77 deg. 13' \_ 943449 
© Thenfor So is 2.co. RA 40 deg. 00' 10.07615 } 
Seco. B Al | | dhe tt 


ft 


( Torc:AG 72 deg. 13) 9.5004 


| 
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If you have a mind, you may ( in this ſecond place) find the Per- 
* dicular, "with Fe A and R A I givey in the Triangle RAI; and 
Þ thed with the Perpendicular given, and IAG C in that great Trian- 
| ;4) you may find ( at the third Operation ) the fide G A required 


= CASE 9g. 
| Tur dngles, and a Side oppoſite to one of them cies; 16ſt 
the Side between them. 


| Let there be given the Angle | 

|'$ #6, and the Angle at A; and NR. 
| the Side R A:3 and let the 

| $e© Abe required. 


'F 4 1424, 27/5 Aisrequ Gf A 
| RAis40d, 00'9- | | 

Y lie fall the Perpendicular within the Triangle from R; and ſv in the. 
| Thngke AI R, we have given, | 6 


AR 40 deg. oo #. | 9.92381 
I A: - 42 deg. 27' 9. 94867 97 
Al 3] deg. 46' 2. ST 9.79178. 


i os what I muſt. call A and IA, to put them in reſpondency with --. 
= | 1% k | 


| | As. t. C0. A | 4.2 deg. 27/ 9.961 29 FEY 

Dial To.t.co.G 36 deg. 35/ I0.12947 
Ra kl F Therefore So 7. AI 31 deg. 46' 9.72136 

| p Tos.IG 40 deg. 27' 9.81212 . 
| , 
If  AddelG here found 40 deg. 27/ 
- To Al before found 31 deg. 46' 
Shen es 
| The ſum is G A the ſide required 72 deg. 13/ 


Example 
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Example 2. 


Let the 4ngle G be given, as before, tobe 36 ty, I 
The Angle at R (its Compl. to 180 deg, AR I) be 62 4y,vg 


The Side G A 72 dy, i 
And {et the Side G R. be required. 2 


GY T Firſt; for the Arch 61, | 
| —Sy G A $0! l io 
Re” 3 Dae$G wort | 
| \ CGI requ. ), Gk46Þþ 


t GA 724d.13' 0 wh a 
G A 5-0. G 36 d. 35' ggojt *® 
2.GI 68d. 14 wa 


I conſider now I have I G A given, and GI in the great Tran | 
G1A; that are reſpondent to the given Angle A RI, andRI, | 
Conſider what you muſt call G-I and G, to find the Perpendar 


lar. | 
As AGT 36 a6. 38 © 9.87052, 
Tot. o:ARI 62 deg, oo' - 9.72567. 
So 5, GI 68 deg. 14/ 9.9675] 
Tos. R1 21 deg, 3V 9.56406 
This IR 21 deg. 3t' 
Subſiract from GI 68 deg. 14 
Leaves GR "46 deg. 43 


Thus the required Side is 46 deg. 43' 


we - As. 4 & ov" Oe a0 
: ATE 4 > a - "ae * 
d © _ = 
- x SH "W 
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| CASF ro. | 
C2 Tivo Angles, and a Side oppoſite to one of them, gruen ; to find 
F the third Angle. | 
'f Let there be given, 
|} TheAmgleat A 42 deg. 27' 
| The Angleat G 36 deg. 35" NR 
' TheSide GR 46 dep. 43' | 
 Idemand the Argle GR A. 
lf Hire Thave GR and G gl- : 
, | ven me, (in the right angled 3 A 
'# Triavgle GIR ) whereby I 
| may hnd GR I. 
LY t, G | 36 deg. 35 9.87052 
 V 1r.co. GR 46 deg. 43 9.83607 
; AY tuo GRI G63 deg, 02 9.70659 
Y | Next, for the Angle I RA. 
| As s. co. G 36, deg. 35” C0. are 0.09528 
To 5. co. A 42 deg, 27 | 9.86797 
SS. GRIT 63 deg, 02 9.95000 
Tos IRA 54 deg. '59' 9.91325 
"This Angle IRA $4 deg, 59 
| Added to the Angle GR I 63 dep. oz' 
Makes the Angle required G R A 116 deg. on' 

Theſe be the Eight Caſes of a Spherical Triangle, which are reſolved 
by letting fall the Perpendicular from ſome one Angle thereat. Thexe 
be two Caſes more, which may be reſolved by letting fall a Perpendi- 
ular; and not onelythat way, but ſeveral other ways, as is largely 
and very plainly d:monſtrated in my Father's Book, called The DoGrine 

FW . f Triangles. 1 think nothing of fo. high a nature can be plaines de- 


monlirated, than the reafon of the Rule it (el, I refes the Reader to 
te Q q -*- "that 


* 


alc. 


R 


Gives the ſum; 
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that for variety, and ſhall onely uſe one of them ways as a choice wy | 
| to mez though to others the reſt may ſeem as plain, and indeeq 


The hal difference being added, 


Subſiraed, it leaves for the remainder, 


CASE LT. 


The three Sides of a Triangle given, to find an Angle. 


Ake half the difference between the two ſides that contain the 4 

43 gle you look for. and adde it to halt the other lide (C which muſt 

be oppoſite to that Angle 3) andlikewiſe ſubſtract it from the (ame, 
noting the Sum and Remainder. 


Then, this is the RULE. 


To the Complements Arithmetical of the Sines of the Sides thy 
contain the required Angle, adde the Sines of the Sum anl 
Remainder ( betore noted) and the half of that Sum or Total, 
ſhall be the Artificial Sine of half the Angle required. 


Example, in the Triangle GR A. 


Let there be given in the Trian- 


gle GR A, 
RG 464. 43'y And let the | 
AR 40 4d. 0o' Angle Abe 
A AG 72 d. 13') required. 
AGis 72 dig. 13' 
RA 1s 40 deg. "-". 
Their difference 32 deg. 13 
The + difference is 16 deg. WP: : 
| d. mn, 
GR oppoſite to A, is 46 deg. 43' the half of it is 23 215 
2 difference 16 06; 
ſum 39 27 
remainder 07 15 
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” 


RAS . 40. 00 . ears 0.19193 
GAL 72 13 C0. Ars 0.02126 
Sum 5. 39 27 9.90305 
Remainder , ©o7 15 - 9.10105 


Total 19.11729 


CO —__  _—_—— 


: A 21 deg, 13' 39 F< Total 9.55564. 
Doubled is . 42 deg. 27' C The Angle at A required. 


Example the Second. 
| Fig. [. Dmit in the Triangle G A R, in this Scheme following, 


| we have given, 


| F; RS | 
AR the Complement of the Latitude 40 OO 
R G the Complement of the Suns height 79 ©0 


.._ AG the Complenient of the Suns Declination ' 99 10 
And let the Angle at A (which is the hour from Noon) be required. 


In this caſe, one of the ſides, namely G A, is above 9o deg. But I 
would have you remember that the Sine of an Angle above go deg. 
is alſo the Sine of an Angle as much leſs than godegrees 3 and fo 
when you would take the Sine of 99 deg. 10' here given,take the Sine 
of 80 deg. 50'3z which is as much leſs than 90 degrees,as 99 deg: 10' 


» 
- 


15more, | 


d 


Oh 
The fide AG is 99 10 - - 
The fide ARis 40 oo d. mc 


5 3 EONS. [2 -- 


The difference is 59 -- 10 


EIA ——— + The halfofGRis *N 
The haltdifference is 29 35 © 20# 
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d. mM, d 1 d. . MM, 
1 GR 39 30JYRA 40 ©0 C0. ar. 5. Ogg 
{ Differerice 29 35(AG 99 10 coar 4. oy 
Sum » 69 o5 (Sum 69 + 05 7. 9-970 
Remainder © os 55 Remainder 0g 55 4 923607 


The half of Ais 3o deg. 13'+ 9.701 
2 Ez, 


: Which double,is A 60 we 27" 

] am the willinger to do Examples of this nature, becauſe 'tisf 
aſeful at Sea for finding the Variation of the Compaſs, as I (hall hey 
at large, when 1 come to the Application of it t0 Aſtronomy, wher| 
purpoſe to vary this Caſe. - 


> OASE- ©: 
The three Angles of an Oblique Spherical T1 tangle given, to fud 
the Stedes. 


A m the Triangle { here following ) there be given, 


a. 
The Angle at A 365 35Y) Tg | 
The Angle at B 41148 o1dAn tet theſtde B D be requited, 
The Angle at D 42 27) we” 


m. 


It we convert the Ang 
mtoStdes, and the Sides info 
Angles, we may do this We 
did the laſt, obſerving the 

| : fame Rulc for che folutiondf 

A |  D them; onely taking 'tit; | 

Y RS Ce Complement of the great 
' Angle to 180 degrees, inſtead of the Angle it (elf. os 

Take half the difference of the two Angles, between which'is te Þ 
hide required. 


And adde that to half the Angle oppoſite to that fide, and ble 


R from it, noting the ſam and remainder. 
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op Then this is the R ULE. 


To the Complements Arithmetical of the Sines of them two An- 
- gles joyning, t0 the Side required, if yam adde the Sines of the 
aforeſaid ſum and remainder, the half of that ſum or total us 

the Sine of half the Side required. | 


Examyle. 
| da. *s 
The Angle at B, its Gottplement to 180 deg, is 61 59 
The Angle at Dis 3-27 - 
Thedifference between the Angfes is * | 19 32 
The half difference' is "29" 40 
Half the Angle t Ais 138 1795 
Sum 23.--65'* 
Remainder 08 31 
,B 61 dep. 59' co. ar. 0.054t3 
kD. 42 deg, 27" os are 0.17073 
: The futn 28 deg. 03' 9.67243 
7 The remainder 8 dep, 31' 9.17054 
Sum 19.06783 
1, Hall DB 20 deg. oof Half ſum 9-53391 


Doubled, it's DB 40 deg. oo' required. 


| might have ſhewed the ſeveral Queſtions that would be framed 

from one Oblique Triangle, which are 60 in all 3 but wy Father hath” 

'-} Pointed $6 them as he goes along, in the Do&rine of the Sphere, atid 

' | f&9all come under theſe Rules that I have laid down : ſo that there 

- | ®beno Caſe of either right angled Spherical Triangles, or Oblique 3 

4 but Jou are fitted readily to reſolve it. I will do a little in Qzadran- 

| '* Triagles, and fo proceed to the Application of all theſe : Firlt, in 
* Þ 4fronomy, and then in Sailing by a Great Circles 


CHAP. 
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CHAP. XXXI1I 
Of Quadrantal Triangles. 


If a Triangle have one or more of its ſides 90 degrees or a Quadny, ij 
called a Quadrantal Triangle. 


' + TT. A Sin the Scherne going the Triangle A R Bis aqui 
Fig. It: A tal Triangle. ok, the fide A Ris a Quadrate w_ 

And as in a right angled Triangle there be five things confident; | 
belides the right Angle, (o ina quadrantal there be five things conſis 
rable befides the quadrantal fide 3 and theſe five things are they | 


' them noted to bz Complements, ( namely them three ) that 


fartheſt from the quadrantal fide 3 the other two things th 
lie. nexe the quadrantal fide are not noted by their Complemans; Þ 
juſt as it is from a right Angle in a right angled Triangle; foith. 
from a quadrantal fide in a quadrantal Triangle, and in cvery kind. 
to be accounted, '1 
Then you may note that the Angle at A and the Angle at Rarend' 
parted by the fide A R, no more than. the tide A L and LB is'patl 
by the right Angle L, ( in that right angled Triangle B LA ) bitdl 
things to correſpond from the quadrantal ſide in this Triangle, asthy. 
do frem the right Angle in a right angled Triangle : Theſe thingspe* &| 
miſe} we'll depend upon the Rule or Axiome, and proceed tos } 
ample. .. | 16:8 
: The Sine of the middle part with Radius , is equal ty the Tangent 
the adjacent Extremes, or to the Sines Complement of the Oppoſite I 
Fremers - 


CASE rx. L 
The two Angles next the Quadrantal Side given, to find either 


the other two Sides. 


In the quadrantal Triangle AR B ( the quadrantal fide is AR). 
Let theze be given the Angle at A the Suns Poſition) ; 
between the Pole and the Zznich at his riling ( the 36 deg, 30 

Complement of LAB to go deg. ) 


Tie 
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The Angle at R (namely A RB) the Suns Azimuth of riſing = 
0 AL 61 deg. 3$', and let B A-the Suns Declination Complement bc 


required, 


Iconſider here ( that if A R do not part them ) then *tis an adja- 
cnt Extrome, and A is the middle part. 


Sf, A —j R adi, 15 pang tO 7, R I. to C0, AB, 


+ Fi 61 deg. I'Y C0, Als 9.93235 
s. A 36 deg. 2 6' 9.71370 
| | | 1c AD-..-72 degs;13' 9.50005 


| "Y | ad _m . ” | 

, | -And'thus it:c Compliment of the Suns Declination 1s the ſame that 
{| ityas in the 1+g635 angled Triangle A UB. 
) 
; 
) 


Nite, that the parts of this quadrantal Triangle are the Comple- 
| nents of the right angled Triangle that I wrought thoſe Caſes of a 
1: rohtavg)cd Triangle by, except AB C which is a fide of that and ot 
'# thstoo) avd ARB, which is = toALi in thatz for RB is the 
| Complement of BL to go deg. and ABR is the Complement of 
| ABL to 180 dg. and R A Bis the Complement of L A B to 90 dep. 
| | ad though ABR be above an Angle of 90 deg. tis but uling its 
7. | Complement to 150 deg. ( which is A BL as though it were the real 
» | dyleit{clt: and the reaſon of itis, becauſe an Angle leſs than go deg. 
* F hath theſame Sine or Tangent that an Angle as much greater ( as we 
| tive ſhewed before ) fo that in all reſpe&ts we may work from the | 
# | qudrantal fide here R A. as we did from the right Angle there. 
* | lintend onely to ſhew one Example in an Oppoſite Extreme and 


= the other 14 Caſes of a Quadrantal Triangle to your own pra- 
(e, | | | 


of :- CASE 3; 


| 4 Side and the Angle oppoſite to the Quadrantal Side being gi- 
| #,t0 find one of the other Angles. 


In the Triangle A BR let there be given 
| TeSuns Complement of Declivation A B 72 deg. 13' 
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The hour of the Suns riſing from 12 of the Clock at Noon App | 
112. deg. 29 ( its Complement to 180 deg. is 67 deg, 32/ ) 
And let the Suns Azimuth of riltng A RB be required, 


ABR 1212 deg. bo. -+- Radis = to «BA - 


CAB 72 deg. 13' 
Dated 
CAR Bis requized. 
s. BA 72 dep. 13 | | _ 
s. ABR 67 deg. 32' (Its Complement to 180 deg. )) g,g651 
s. ARB G6t deg. 38 9.9444 | 


And thus the Suns Azimuth of riſing is found with the ſame eaſe 
in the right angled Triangle ALB. 

So then the Suns Amplitzde of rifing is alſo the Complement of th 
Angle found to go deg. namely Y RA 38 deg. 22' 3 becauſe wall | 


be brief I leave theſe things to your own pradtice.and come nexttote |} 


application of this DoGrine of Triangles both in Aſtronomy and Si 
ling by. the Areh of a great Circle, 


6k WY ttt tac þ. ET 
k ctw —__—. oY _—_— hs - wy hol 


 GHAF. XXXIIL - ud 
Oblique Spherical Triangles applied to ſome Quſtin 


in Aftronomy. 


Fig. HI, FO abreviate the applicatory part of Oblique Spherical 
Triangles, 1 uſed this real Triangle of the at 
ARG, wherein fas I then noted ) 


AR repreſents the Complement cf the Latitude. 
A the Hour from Noon. 

C the Angle of the Suns Poſition. 

A G the Complement of the Suns Declination. 
G R the Complement of. the Suns Height, 

GR A the Suns 4zimuth from the North, 


Quill. 


CN ade. ae ed a CE er I 
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ONSITE. I. 
 Adnit 1 be in the Latitude of 50 deg. oo min. North, and at 
' 9 ho. tomin. 12 ſec. in the Forenoon I would know the Suns 
| *-Azitmuth from the Eaſt-point of the Horizon , allowing the 
Suns Declination to be Northerly 17 deg. 47 min. | 


"Stra& the hour, 9 ho. 10' 12” from 12 hours, and ſo I have 2 ho. 

49' 48”; which converted into Degrees and Minutes of a Degree, 

is the Angle at A 42 deg. 27'5 and 1 have the Complement of the 

Suns Declination given A G 72deg. 13, and the Complement of the 
Latitde AR 40 deg. oo". 


To find the Angle G R A the Suns Azimuth 
' From the North, and conſequently. from the Eaſt or Weſt. 


b} 


3 This very Queſtion is reſolved in the third Caſe of Oblique Trian- 


gs, Example the ſecond, look there and you may be ſatisfied how to 
tain your delire : | 


| ksGRA | 118 deg. o& 


From which if you ſubſirat AR C 90 deg. od! 

[Theremainderis the Suns Azimuth from the Eaſt 3 1 

\Southerly G R C. which-was required. "v0 
QUEST. 2. hs 


Admit the Suns Declination be Northerly 17 deg. 47 min. the 

« Tatttude Iam. in be 50 deg. oo min. Northerly , gnd the 
hour from Noon be 42 deg. 2.7 min. 1 demand the Angle of 
the Suns Poſition with the Zenith and the North Pole, © 


Dy b . d. Mm, 

] this Queſtion we have given the Angle at A 42 27 

 Thefide A R, which is the Comp. of the Latitude 40 OO 
The Suns Declination Complement G A 72 - 8 


And the Angle required is G the Angle of the Suns Poſition. 
R xr _. Bere 
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__— 


Here is two ſides, and a contained Angle given , to find an amt. | 
and you have the queſtion reſolved in the firſt Example in the thin 
Caſe: Itis 36 deg. 35 min ! 


QUEST. 3. 2 

Let the Complement of the Suns Declinatton be 72 dep. 1; | 

min: Northerly, the Latitude be 50 deg. 00 min. Northy 

ly, the hour from Noon be 42 deg. 27 min. I demandth | 
Suns height. : 


PE 


Here is given the 4ngle at A | 42 7 
The lide GA 72- 13 


The Complement of the Latitude, which is AR ao @ I 
And R G the Complement of the Suns height is required, b 
| | \J 


R That is two fides, and the 
contained Angle given, to find 
the third fide; and you wil 
ſee the fame Queſtion wrout 
L- A in the fourth Caſe; the Come 
_— plement of the Suns hejt 
x GR is 46 deg. 43' the Sus 
/ height then is the Complement of that to go deg. - in the Schene | 
F G 43 deg. 17'. | | | 


After this manner one may make Tables of the Suns height } 
every Hour and Minute of the day 3 for the making of Dyab ud 
Quadrants. I OED 
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QU EST. 4. 


| ; ' Admit I were in the Latitude of 50 deg. 00 min, Nortberly, 
' - aud obſerved the Suns height to be 43 deg. 17 min. at the 


ſame time ( if þis Azimuth from the North be 118 deg.) 1 


Jemand his Declination. 


: TP 50 deg. 00' from go deg. and fo 1 IS RS 00 


AR the Complement of the Latitude 
- North pO 
And if you ſubſiradt the Suns Altitude 43 deg. 17' je 

\ from 90 deg. you have GR 


The Angle at R, is the Suns Azimuth from _ 118 deg. 00' 


And GA, the Complement of the Suns Declination is required, 


You may ſee this Queſtion reſolved in the ſecond Example of the 
third Caſe, and the Complemenr of the Sans Declination is 72 dep. 13/ 


GA, which ſubſtracted from AX in the Scheme, leaves the Suns De- 


 Cination X G 17 deg. 47+ 


QUEST. 5. 


Admit 1 am in the Latitude of 50 deg. 00 min. North Lati- 

tude, and the Suns Declination Northerly be 17 deg. 47 
min. 1 demand the hour of the day, ( provided: the Comple- 
ment of the Suns Altitude be-46 deg. 43 min. ) 


Oz | &- mh 
The Complement of the Latitude is A R PD 
Tae Complement of the Suns Declination is A G T2 3 
The Complement of the Suns Altitude is G R 46 43 


The hour from Noon or Angle at A is requircd. = 


This Queſtion is relolved under. the Eleventh Caſe, and it is A 
42 deg. 27' : after this mannex vou may find the hour of the diy 
yh + Rr 2 tor 


p 
* % - . 
q F PR. 
. * . pe q —_— y : ; x” o . ol ch 
Po OY RTE RS 16, 4 Os OR RPE OEIPT Kt A es NE SOUP gy a 4 I Re PR 
F_- _—_ => - = — _ ho _ _ 
= : SEE RE = 2 tx —_- wag _ 0 2 - — R 


46 deg. 43' 
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The hour of the Suns riſing from 12 of the Clock at Noon ABR 

112 deg. 29 ( its Complement to 180 deg. is 67 deg, 32 ) 

- Andkt the Suns Azimmth of riltng A RB be required. 


CAB 72 deg- 139 | | . 
Dira$a BR 112 deg. 28's, R j- Radis = to r,BAL,8 
| AR Bis requized. T | 


( 


$ 


s, BA 72 deg. 13' 


9.978 
s, ABR 67 deg. 32" (Its Complement to 130 deg. oe 
s, ARB 61 dep. 38 9494444 


And thus the Suns Azimuth of riling is found with the ſame cafe a; 
in the right angled Triangle ALB. | 

So then the Suns Amplitude of riling is alſo the Complement of thi 
Angle found to go deg. namely Y R A 35S deg. 22” 3 becauſe I would 
be brick I leave theſe things to your own practice.and come next to the 
application of this DoEtrine of Triangles both in Aſtronomy and Sa- 
ling by the Areh of a great Circle, 


———— — 


CHAP. XX XIII. 


_ Oblique Spherical Triangles applied to ſome Queſtions 
in Aſtronomy. 


Fig. TFHI."F©O abreviate the applicatory part of Qblique Spherical 


Triangles, 1 uſcd this real Triangle of the Sphaat 
AR G, whercin fas 1 then noted ) 


AR repreſents the Complement cf the Latitude. 
A the Hour from Noon. 


C the Angle ot the Suns Poſition. 

A G the Complement of the Suns Declination. 
G R the Complcnicnt of. the Suns Height, 

G R A the Suns 4zimuth trom the North, 


QUEST. 


Applied to Aſtronomy.  gog 


CUEST. x; 
| . Admit I bein the Latitude of 50 deg. oo min. North, and at 
ho. To min. 12 ſec. 2# the Forenoon I would know the Suns 
- Azimuth from the Eaſt-point of the Horizon , allowing the 
Suns Declination to be Northerly 1.7 deg, 47 min. 


7 SuBſtrat the hour 9 he. 10” 12” from 12 hours, and ſo I have 2 ho. 
1 49' 48”; which converted into Degrees and Minutes of a Degree, 
is the Angle at A 42 deg. 27' 3 and | have the Complement of the 
Suns Declination given A G 72 deg. 13', and the Complement of the 

' Latitude AR 40 deg. oo”. 


To find the Angle G R A the Suns Azimuth 
From the North, and conſequently from the Eaſt or Weſt. 


This very Queſtion is reſolved in the third Caſe of Oblique Trian- 
ples, Example the ſecond, look there and you may be ſatisfied how to 
attain your delire : | 


ItisGRA nn 118 deg. 00' 
From which if you ſubſirat AR C 90 deg. od 


= 
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The remainder is the Suns Azimuth from the Eaſt e i ao} 


*Southerly GR C which was required. 


CS ——MR—_m—, =" Ln —— 
_—_ _—_ 


QUEST. 2. | 


Admit the Suns Declination be Northerly 17 deg. 47 min. the 

: Latitude T am in be 50 deg, oo min. Northerly , and the 
bour from Noon be 42, deg. 2.7 min. 7 demand the Angle of 
the Suns Poſition with the Zenith and the North Pole, 


= 


' 


| d. mM, 
JArkls Queſtion we have given the Angle at A 42 27 | 
The tide A R, which is the Comp. of the Latitude 40 OO | 
The Suns Declination Complement G A 72 13 | 


| And the Angle required is G the Angle of the Suns Pclition, 
Rr -- hicre 
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-, . 


Hcre 1s two ſ:des, and a contained Angle given , to find an 4g. 
and you have the queſtion reſolved in tne firſt Exampl: in the third 
Calc; Itis 36 ag. 35 min. NO 


QUEST. 3. 


Let the Complement of the Suns Declinatton be 72 dep, x 
min; N ortherly, the Latitude be 50 deg. 00 min, Naths 
ly, the hour from Noon be 4 deg. 27 min. I demand thy 
[I veg e. 


d. m. 
Here is given the 4ngle at A | 42 27 
The fide G A F'®:..50h 


The Gomplement of the Latitude, whichis AR a0 @ 
And R G the Complement of the Suns height is required, 


E- 
R That is two ſides, and the 
contained Angle given, to find 
the third fide; and you wil 
{ee the ſame Queſtion wrought | 

s- A in the fourth Caſe; the Com- 
© plement of the Suns height 
GR is 46 deg. 43" the Sun 
height then is the Complement of that to 90 te in the Scheme 
F G 43 deg. 17'. 


After this manner one may make Tables of the Suns height for 
every Hour and Minute of the day 3 for the making of Dyals and 
Quadrants. 
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QUEST: 24 


Admit I were in the Latitude of 50 deg..o0 min. Nortberly, 
' and obſerved the Suns height to be 43 deg. 17 min, ar the 


ſame time ( if his Azimuth from the North be 118 deg.) 7 
demand his Declination. © 


llbfira&t 50 deg. oo! from go deg. and fol have j« 


AR the Complement of the Latitude 40 deg. o0' 

The Anple at R, is the Suns Azimuth from the R 

North | | I1S dep. 00 
And if you ſubſiract the Suns Altitude 43 deg. 17' FY IE 

from 90 deg. you have G R je 40 arg, 43 


And G A, the Complement of the Suns Declination is required, 


You may {ce this Queſtion reſolved in the ſecond Example of the 
third Caſe, and the Complement of the Suns Declination is 72 deg. 1 ;/ 


GA, which {ubltracted from A X in the Scheme, leaves the Suns D-- 
clination X G 17 deg. 47: ; 


QUEST. 5. 


Admit I am in the Latitude of 50 deg. 00 min. North Lati- 
tude, and the Suns Declination Northerly be 17 deg. 47 
min. 1 demand the hover of the day, ( provided: the Comple- 
ment of the Suns Altitude be-46 deg. 43 min.) 


Th a: 1; 

The Complement of the Latitude is A R 72:5 40-00 
Tae Complement of the Suns Declination is AG 72-13 
Tae Complement of the Suns Altitude is G R 46 43 


The hour from Noon or Angle at A is requircd. 


This Queſtion is reſolved nnder the Eleventh Caſe, and it is A 
42 deg. 27' : after this mannes vou may tind the hour of the diy 


"TAY 
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for every height of the Sun 3 it is here converted into time 2 þ,, 4, 
4.8” before 12 of the Clock, which is 9 of the Clock 10' 12”, |, 
the ſame caſe you may with the ſame things given find the Sung 
Azimuth at that time. And in the ſame manner. with the ſame things 
you may find the Suns Angle of Poſition, I will do an Example of 
it here, to find the Suns Azimnth, becauſe *tis of great uſe for the fin. © 
ding the Variation of the Compaſs. ? | 


QUEST. 6. 


Admit the Suns Almicanther, or height above the Florizon, be 
43 deg. 17 min. its Complement 46 deg. 43 min. the Con 
plement of the Suns Declination be 72 deg. 13 min. the Ly 
titude that I am in be 50 deg. 00 min. 1 demand the Ss 
Azimuth from the North. 


| d. mM 
(GR the Complement of the Suns height 46 43 
Dea. yG A the Complement of the Suns Declination 72 13 

CAR the Complement of the Latitude 40 00 


I demand the Suns Azimuth from the North R. 


The fide AR is | 40 deg. oo' 

The fide R G is 46 deg. 43' 

Their difference is _ 06 deg. 43" 

Half their difference is 3 deg: 21' 30” 

Half GAis 36 deg. 06/30" 

Adde the. half difference 03 deg. 21' 30” 

The Sum is ; 9 deg. 28' oo” 

The remainder is | 32 deg. 45! oo" 


- 


RA 
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5 
0. the 
RA 40 OO.co.ar, 0.19193 
GR Hy 46 43 c0ear. 0.13788 
-x. the Sum | 39 28 980320 
5. the Remainder 32 45 9.73317 
Halfthe Angle required is half 19.86618 
Vhich is 59 deg, 00 9.93309 


& that this 59 deg. oo' doubled, is 118 deg. oo” the Angle at R re- 
quired. | 


Thus the Suns Azimuth may be found at any time of the day by ob- 
ſerving his height, which is uſed very much' going to the Eaft-Indies, 
and ſome times to other parts, as at the Weſtern Iſlands, Greenland, 
__—_ 

If in the Queſtion preceding, you would know the Suns Azimuth 
from the Eaft, *tis but ſubſtrafting 90 deg. from the Azimuth found, 
and you have it 3 becauſe it's from the North ſo much above 8 points 
or fo deg. it's here Eaſt 28 deg. Southerly. F 
- Butif the Angle at R had not been ſo much as go deg. then you 
muſt have ſubſtra&ed the Angle found from 90 deg. and it would have 
given the Suns Azimuth from the Eaſt. : 

If you would know the Suns Azimuth from the South C in the 
Queſtion) you muſt have ſubſiraQted the Angle found from 180 dep. o0'. 
and it would have given your deſire : But theſe things 1 leave to your 
own praQice, - | 
\ There be ſeveral things that you may tind in this Triangle of great 
uſe ( as you may ſee by what is ſaid already ) in Navigation, which 
your praCtice will make you perfect in , and therefore to that I refer 
you.” :-* | 
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| QUEST 7. 

Admit I be in North Latitude 59 deg. 00 min. and at 1 

49 min. 48 ſec. after 12 of the Clock tn the Aftermm, | | 

would know the Sans height above the Horizon, the Sy 
Declination being Southerly 9 deg. 10 Min. * 


io, IV, "His Queſtion will be preſented in Scheme IV, whets 
F is IV [ there is given, in the Triangle G RA, 


Thelide AR 40 dy. 0d 

The hour after 12 a clock, converted into degrees and 1 
minutes, G AR _ | | C 42 arg, 77 | 

The Complement of the Suns Declination (or his di- Fa 
ſtance from the North Pole) G R ; 99 arg, 10 


And let the Complement of the Suns height be demanded, GR. 


I conſider here we have two ſides, and the contained Angle giren 
to find the third fide, 


I let fall the Perpendicular from-R, which is in the Triangle, as Rl; 
 andſoin the right angled Triavgle R I A, I have given, 


"RA" 40 deg. 00) 
RAG 42 deg. 27'br co. Ao Radius, is = to t. c0- AR+1 dl 
To tind Al. . | 


Rad. | ww 
cos RAI 47 dep. 33 9.96797 
RA: 40 dege. 00 9.92391 
z Al 31 deg. 46' x9.79 179 


This AI 31 deg. 46' ( bcing the Suns difiance from the Nott, 
Fule ) Subltracted from YG 99 deg. 10' there remains 97 Ul 
24 for 1G. | 


Ant 


/ 


! 


x 


Applied to Aſtronomy. IT 


And now we have I G reſpondent to TA; and the thing required 
GR, is reſpondent to R A, the Latitude given : ſo that 


As S, Cs A [ 58 deg. 14 e027, 0.07047 
Is to 7. co. I G 42 deg. 36/ 9.58466 
So is 9. co. AR 50 deg. 00 9.88425 


- 2 TO 4:00. GB 20 deg. 15' the Sans {cight 9.53938 

The Complem<nt whereof 69 deg. 45' is the fide G R required. 

In this manner you may. hnd the uns height for every hour or mi- 
nate of the day : let tne Suns Duvlination be cither Normtherly or ow 
therly; Or it th? [ acitnde were Southerly, from the Scuth Pole jn 
ſach a Triangle as this 15, yoa may had any thing that you do in a 
Northern Latitude. I need not ao Examples of every one. becauſe it 
will take up too mucn room, | 


QUEST: 7. 


The Latitude and Longitude of any Star given, to fiad his 
Right Afcenfion and Declination, 


Admit Perſius's right Shoulder be Longitude 25 deg, 18' of S, and 


bave North Latitude 34 deg. 30'; I demand bis Right Aſccnſton and 


Declination. 

, Ote, that the Latitude of a Star is the diftance of that 
Fi V.N Star from the Ecliptick, cither Northerly or Southerly, 
na Circle that cuts the Ecliptick from the Poles thereof : as in the Fi- 
pure X Lis the Latitude of the F, or its diſtance in the Circle B* L 
which comes from B the Pole of the Ecliptick, 

The Longitude of a Star is his place in the Ecliptick, or his diſtance 
0 the Ecliptick, From Y' counting the Signes ſucceſſively, as O Y. 

Right Aſcenſion of the Sun or of a Star, is alike, namely that Meri- 
dian-diftance from Y' that comes with the F, and cuts the EquinoRi- 
dl. Now where it cuts the EquinoCtial, there is the Stars Right A(- 
cenſion, as hefe A * cuts the Equinodtial in I: and therefore I Y' is 
the Stars Right Aſcenſion = to the Angle IA Y, | 


Here 
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Here then (in the Triangle *X BA) wehave given, 


AB the diſtance of the North Pole from the Pole of the Es 

Ecliptick _ 2 C 3 ag. 30 
X B the Complement of the Stars Latitude 55 deg, 30 
*XBA the Stars Longitude from Cancer 34 deg. a 


To find firſt the Complement of the Stars Declination A *, we gil 
let fall the Perpendicular AE 3 and fo in the right angled Triange 
BEA thereis given, 


, 7. co, BA- Radius, is = to t, co. BA It. BE, 
d. m. 1 +06 
(AB 23 30)t. BA 23 30 9.63bz0 
Dany BA 34 NY @. ABT. 34 -44 99194 I 
X10 ne BE 2,80 I9 40 945534 
This BE ſubſira&ted from B * 55 30 
Leaves E * © "$$ $© 
| Saythen again, 
too 
As r. co BE 19 40 Cars 0.02610 
Is to $7. co. X E 35 50 9.90887 
SO Is $.co. BA 23 39 ' 9496239 
To s. co. A * 37 $3 - 9dr 
From AXOI 90 00 
Subfira& A * ſo found 37 52. 
The remainderis F1 52 08 The Stars Declination required 
Next, for the Angle * AB. 
CATH TY d.- 6+ 
As FA 37: $3. 00:87 . .0 21195 
Tos. * BA 34 42 9.7553% 
Sos. KB 55 3O 9:91399 
Tos. AB 49 51 9.88326 


This 


th 


<>” 


Applied to Aftronomy. Z13 


This 4.9 deg- 51' 1s the Complement of # A B to 180 eg. So that 
the Angle here looked for, is the # Right Aſcention 130 deg. 09' 


from Midnight. 
From which if you ſubliract BAY | 090 deg. 00 
The remainder is FA Y' © * ey > 


=to which, is I the Right Aſcenſion of the * required, 


And the_ reaſon is plain: for AY is 90 deg. and Al is 90 deg. 
therefore I ' is the meaſure of the Angie Y A K I, or <qual to it. - 


BUEST. Ss: ; 
Adnit the Right Aſcenſion of the ſame Star , namely Perſius's 

' right Shoulder, were 40 deg. o9 min. and the Declination 

of it were 52 deg. 8 min. 7 demand the Latitude and Lon- 

gitude of the ſame Star. 


His would be the converſe of the former Queſtion : for the ſame 
thing is required here, that was given there. 


For inthe Triangle ® AB, I have given, 7. 
k A 40 deg. og' its Right Aſcenſion, 


Which added to Y'AB 90 deg. o0' 
Gives the Stars Right Aſcenſion - 
from the North, A B 7 130 aeg+ 09 
| ; a. ts 
And the Declination of the Star is I * 52 :.08 
Whoſe Complement to 90 deg. I A,is # A 237-23 
And A'B is as before the Pole of the Eclipticks e ins 
diftance from the Poles Elevation ” - 
IS : oils 
So that thus I] have given (I ſay) X A - # a. © 
The Angle at A, namely FAB 130 09 
And the fide AB | 23: 30 


That is, two ſides and a contained Angle. to find the third fide, and 
lic Angle AB * that is, the Latitude and Longicude of tht Star. 
| RN » 0 [ 

& 
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I have thus dclincated the Queſtion, and need not do an Example of 
it, but leave it to your own pradtice, for brevity fake; and becauſe j 
have (hewed ſeveral Examples of this nature in the Do&trinal Part of 
Spherical 1riangles, 


QUEST. 9 -.: VB 


Admit that I be in the Latitude of 51 deg, 30 min. ayd tl 

' Lita dayof Auguſt, 1 684. the Sun hath North Declinatin 

11 deg. 54 min. Now Perſius's right Shoulder hath Right 

Afcenſton 40 deg. 09 min. and I obſerve him before he came | + 

k to the Meridian , and find his Altitude 30 deg. oo min, 1 
demand his time of coming to the Meridian, and the true time 


of Night. 


Note, That the Declination of Pexſius's right Shoulder is North 
52 deg. 09. 


&# 


Fig. VT. EO: the reſolving this Queſtion, "twill be neceſſary in the 
. firſt place to find the Suns Right Aſcenſion : Toattain 
which, | 


In the Triangle Y' R ©, right angled at R. 


d, m.Yt.co. 0.36169 
R T' © the Suns greateſt Declin. 23 3o(t. 9.32373 


Data- IR © the Suns preſent Declination 113 54 — 
Required YR =to 29 OO Ys. 9.68542 
Here we have found Y R to-be 29 deg. 00' 
Which ſubſiraQed from | 180 deg, 00 
It gives the Suns Right Aſcenſion 151 deg. of 


If you ask why Y R is not the Szns Right Aſcenſion, I would. have 
you conſider the time of year 3 the Sun is in Les, and that muſt be 2 
ercat way from Y' : ſo that the diftance-that we found was. © 
29 deg, 00/, the Suns diſtance from ®, which is = to Y7 R. 


Neat, 


Applied to A ſtronomy. 


Next, for the Angle X BD. 


We have giveniin that Triangle A 


The Complement of the Latitude 


And AB D, the Angle of the Stars, being ſhort of the Meridian of 


'BD, the ſide 
which is the Stars Declination Complement 
AD the Complement of the Stars Altitude 


BD 


Gouth, is required 4 that is, three ſides given to find an Angle. 


d. m 


The fide A B is 37 51)CHlfADis 30 00 
The fide B D 1s. 35 3o( \Half differenceadded 00 19 
Difference 00 39 Sum $01 9 _— 
Half difference 00 19 Remainder 29 Ar | 
s, BA . 37 deg. 51 co. ar. 0.21211 ] 
s. BD 35S deg. 3O' C0ears 0.20585 
fo Sum 30 deg. T9! 9.70310 | | 
5. Remainder 29 deg. 41' 9.69478 | 
,19.81584 | 


ABD its half 54 deg. oo! 
2 


þ 


9.90732 


Doubled is 108 deg. 


o0/ 
The Angle required A BD, ( the time after this obſervation, before - 


this Star will come upon the Meridian ) which is 7 50. 127. 


But for the hour of this Stars coming upon the Meridian, 


] adde to the Right Aſcenſion of the Star 


Twenty four hours or 


And fiom that ſum, being 


Subſtra&k the Suns Right Aſcenſion 


And the remainder is - 


Which converted into time, is 


* 


d 


40 
360 


315 


Ws 37 deg. 51 ; 


 6O deg. oc 
39 deg. 30 


| 


Hl. 


Of 
OO 


400 
I5I 


09 
fs) 


_— 


249 


O09 


16 by. 36' 36"! 


Sf 2 


of, 
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£0 log after 12 of the clock at Noon it will be, before that Or 
will be upon the Meridian, which is at 4 a clock 36/. 36” jnthe Mo 
ning. 'F 


And laſily, for to know the true time of Night that I obſerved he 


Star, 


Sabltra& the time between my obſerving the Star, 
and his coming to the Meridian, which was | 

From the: time after Noon that the Star will be chad 
upon the Meridian . TO 20. 30.30 | 


And the remainder is the true time I obſerved at 09 bo. 24' 36 


7 bs. 12/ 


And thus you may find the hour of the Night at any time, by taking 
the height of a known Star (provided you know his Place, Right Af 
cenſion, and Declination 3 and the Szns Declination or Place in the Fe 
ptick,) whereby you may find his Right Aſcenſion ( as hath bee. 
ſhewed ) by that and his greateſt Declination, 


But indeed it's neceflary to have Tables of the Suns Right ſenſu 
by one, as well as of the Stars and therefore upon ſecond thoughtsl | 
have here placed them, though it was not my intent at firſt, 


Z gazre/l Page 216, 


_ 


* Applied to Aſtronomy. 31 =! 
4 Table of the Suns Right Aſcenſion, converted into Time 
which may ah for all the Tears of Declination ( dla ordi.- 
nary uſes. ) 
S] Jannary. | Februory. | March, |. | Mr. | June 
210 Righ] © Right © Rigi'] © Righ | © wiigh © Right 
4 Aſcenlion.| Aſcenſion. Aſcenſion. Aſcenſion, Aſcenſion. Aſcenſion.|. 
in hs Ms hz. in. ba, m. | 52, m.| ho. 1m. bo. m 
1419-32 |:21-. 40] £327 4 or: 20 ©03--: 331}-95-I9 
219 37]21 44|23 31} or 24] 03 17] 05 23 
2119 41] 21 48123 35]o1 28[| 03- 21| o5 27 
4[19 45]21. 52123 351 or 32ſ.0z 25105 31 
$119 49 [21-56 [23 42] Or - 35 05 *.: 2901-05-36 
6119. 54] 22 0023 45|ot. 39] 0z 33] 05 40 
"7119 $9] 22 ©4123 49] 01 4a{ oz 37] 05 44 
$]20 02|22 08123 '52J ot 4603 41] 05 4.5 
9120071 22: 12:1:23--. :59F or. 50403-45105: 52 
16|2 11122 15100. -vof of. 53] 03. : 49| 05. 50 
1120 151-22. 20400 04-01-57 03 531 05 00! 
12120. 20122 23 | 00:07 02: . o1f 03... 57]. 06 04 
13120. -24|.22.- 2700 111-02: *-o56F 04: or 06-08 
14120':23 1-22-37] 99 141 02:-- 09 | ©4-. -.-QF].©0-:- 12 
i5}20 32|22 34|00 IS] 02 12] 04 og| 05 -16 
16120 36|22 38]00 2202 165| 04. 13| 06. T2 
[7120 40]-22--:.42 | 00 a3, 02-20] 04: 17-106 25 
8120 44|22 46|00. 29] 02 24| 04 21| 06' 29 
9120: 50} 22. . 52] 00. 32]. 02.28] 04.: 25} 06 33 
20[20 52|22 53100 36|o02 31] 04 29| 06 37 
21[20 56|22 57] 00 40|o02 35| cf 33] 06 ar 
[22/21 01|23 orÞ00 43] 02 39] 04 37 06 46 
23121 o5| 23 04] 00 47| o2 43Þ 04 41] 06 50 
24/21 og} 23 o8}oo 5102 46|o04 45} 06 54 
25121 13] 23 1100 54| 02 5of 04 49] 06 58) 
26121 17] 23 15] 00 58| 02 541 04 53] 07 02 
27121 21} 23 19] OT 02J-02-©-.584- 04 571-07 00 
ab/2t 25} 23 23] ox o5| oz o2|o5 or 07 10 
©9121 29 23 27 Oo Og 03 o5| 05 of of 14 
P12 33| Free, | 2 13] 03 og 05 10 O07 18 
F- 61)21 36} this laſt. | OI 16 | T.05 IF I 
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FI Table of the Suns Right Aſcenſi Ion. converted intg Time 
| which may ſerve for all the years of Declination ( for qd; 
rary uſes. ) EY 
=» Fuly, Aug, | Septeonber, Oftober. | Novemb, Doom: 
< |) FRegh|© Kkignt]© Right] © Righ| © Kiphi] © Riph 
1* [aſcenſion, Aſcention. Aſcention.| Aſcention. Aſcenſion. | Aſcenſion 
DOs. --- Wi þ Doe: ©. | 0. "1 1 bo. ws. ihe: m, "+ 4 Dx 
I } 07 23] 09 25. {iT I 5 I3 O7 | I5 07 [17 I4 
2.1 07 27 99... 29 41T--23 £3 -F4 FEY II 17 I9 
3407-31109" :33.1-L1---.:26 [3 14 | 13 1417 24 
+127. --33}09. 37 [1t-. 301131315 15 [17 28 | 
£212£-.39709_ 41-14-33 [13-23 [15-22 17-33 
19197 43[099 45 [18 37|13 26 [15 26 73 
{410/ ':47109::.49"}TIr--:49 T3. 30:115-::-30 }17 41 
$107 5Ilog 52 |It 44 3:3 -4Þ03-"1-39 L87-: af 
9197-33109. $4 [15-49 1133-37 {rs 39|17 50 
Io 07-32 [08-54 41 5 L - _ 17-44 17 55 
I1j0S8 0O3j10 oz [11 33 123-44 15: 4918: 0x 
12108 o7[10 07 [Ll 29-113. 49-115; .53118 04 
127109--11410- [19-112 02 73-5 [T5 ...57118- of 
14|0S. 1i5]10 14 |12 os 13. 50-116---Or118 13 
$5:j05- 19110 19 [12-:: 09-414 -00:416. os 18- 18 
e608 23]10 22 [12 13 [14 04 [16 1018 23 
17}08. 27]i0 26 [12 16 |14 07 | 16 I5|18 28 
18108 31lto 30 |I2 20|14 1116 I9]18 33 
1908 35]10 33 [12 24414 15116 23118 37 
20105 3910 g 37 [12 27 |14 £9: 116-274 18-41 
21108 43119 40 |12 31 |14 23'[16- 31Þ18 45 
22108 47410... 43 472: .35:114- 27 f16.  36f3$ al 
23108. 51110. 47 [12 39 |14 31 |16 4015 53 | 
24108 54|10 51 [12 42 4 --:35:116"--:44 [15-57 
25108 58} 54 j12 46114 39 [16 g8j19 02 
*8 [09 : ©2110 .. -57-:112:.-49 14 43.16 52]iy 07 
27;[09. OQ|It-.: OT-112 3 114-47 [16 $9119 11 | 
28109 yolirt od [12 57 114 $1-4t7 oj(19 15 || 
29.109 , 14|1t 09 [13 qo 14 55 117 ..05|19 19] 
30[09 I1vjit 32 [13 4.114 59.117 1o[19 24 
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This Table may ſerve for all the years of Declination for to find 
the time ofa Stars coming upon the Meridian to obſerve for Latitude 
or for ſeveral other things 3 but in things that required more cxact- 
neſs, I wiſh every man to work It as I have ſhewed in two or three 
Examples, where it's found to the ſecond of a Minute of Time, and 
muſt be ſo for things of that nature that I ſhew ie, for there indeed 
exaQne($ is belt in every thing 3 but here one years right Afccntion 
will ſexye for all and be exact enough. 


To know the time of any Stars coming upon the Meridian. 


Have made Tables of the Longitude, LatituJe, Declination and right 
1 Aſceition of ſome principal Stars, | 

Now if yourwould know the time of any of thoſe Stars coming 
upon the Meridian for any day 3 fubftrat the right Aſcention of the 
Sun for that day from the right Aſcention of the , and the remainder 
is the hour from Noon ( ftated ) that the Star will be upon the Meri- 
ian, 

But if the right Aſcention of the Sun be greater than the right Aſcen- 
tion of the Star, then add 24 hours to the right Aſtention of the Star, 
and ſubſtra&t the right Aſcention of the Sun from that ſum, and it 
gives the hours after Noon that the Star will be upon the Meridi- 
a. 


As for Example : 


Admit the fxxſt day of May the Swns right Aſcention be 3 ho. 13', and 
the right Aſcention of the Lions Tail be 11 ho. 32'; I ſubſirat the 
right Aſcention of the Sun from 11 ho, 32' ( the right Aſtention of the 
9tar and the remainder is 08 ho. 19/ fo I conclude that it will be 
gn 12 of the Clock at Noon before that Star. be upon the 

enidian, | 


But imagine in this ſecond Example : 


That upon the firſt of December I would know what time the firſt 
In Orions Girdle comes to the Meridian : 1 look in the Tables and find 
that Stars right Aſcention is 7 8 deg. 46', or 05 ho. 15' , I look for the 
Pght Aſcenſion of the Sn for that day, and find that to be 17 ho. 14'3 
Ind becauſe 1 cannot ſubſtrads. the Suns right Aſcentian _—_ the 

$ars, 
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Stars, add 24 hours to the Stars right Aſcenſion 05 ho. 15/, 


And it makes :. uv Is 
Now (ubſtract the Szns right Aſcention from it 17 bo 1g 
And the remainder is the hour from Noon 11 wh 

of the Stars coming to the Meridian - **.0% 0 


That is at one minute paſt Twelve of the clock at night, 


When you would be very exa& indeed for the time of a Stars com: 


ing to the Meridian , you may confider the S#ns difference of rig 
Aſcenſion between one day and another is commonly four Minutes of 
time fo that for every fix hours later that the Star comes upon the 
Meridian than the $zn doth you may reckon one minute of time, 


Note, The Stars alter their time about one hour in Fifteen days 


({ooner) for their coming upon the Meridian, by which you may know 
their Scaſons at any time, when found for ſome one time. Thus much 


tor Aſtronomy 1n this place. 


CHAP. XX X1-V: 
Problems of Sailing by the Arch of a great Circle: 


L1 places in the world that lie North and South one from tie 
other, their diſtance on their bearing ( either in Leagues ot 
Miles } 15 their neareſt dittance one from the other. 

Alſo all plac:s that he under the EquinoRial , their diſtance Fal 

and Well is theiz nearctt diſtance. | E 

And the teafon is, becauſe r:1c Equinodtial is a great Circle of the 


Sphcre ; and fo arc all Meridians or North and South Lines 3 but 


ſcrve no! avy Faſt: or Welt Lincs { except the Equinoctial ) but 3 
any Parallel or Eaſt ani Welt Linc ts nearer the Poles, ſo them Circis 
arc Icifer than a great Chclr, fo that it in a Parallel of any Latitude: 
known theze, be txwo places fr, that Parallel difttant anv number 0 


miles confiderable, ene .ncarctt way frm one of ther to the bones 
nor Ea fi or W eſt, But "UPQri that Arch of a orcat Cucle that lea I; 
from one'of them: to che other. EAST UTaEs m 


Great Circle Sazling. SH -J34 


azimagine in the Latitade of 50 deg. 00' there be two places dittant 


in their Parallel 150 deg. or 6942 miles ( for in Miles a Semicircle 
in chat Parallel 1s no more; ) I defire to know the nearctt diftanc: 


| between them. 


If you look on the Globe for that Parallel, and imagine two pla- 
5 6 ſcituated, you will find that a Meridian-line © which is in this 
caſe the great Circle leading between theſe placcs ) will lead you a 
fax nearer Way between them than to go upon a Farallel or Eaſt and 
Welt Line. 1 know in this caſe the Arch of a great Circle cannot be 
uſed, becauſe it gocth under (hc Pole where no man can go 3 } ButlI 
make this an E xample tor. the informing the Learrer how it comes to 
paſs, that the direct courſe of bearing that leades' from one place to 


another's yot the: neareft' way , but upon the Arch of a great Circle 


that leads between them. We come now to the ſeveral Caſes, and to 
the reſolving of {everal Queſitons deduced from thoſe Caſes. 


at CASE:r. 


The Latitude of two places being given, and the difference of 
Longitude between them, to find the neareſt diſtance between 
them; and the direft Poſition of theefirſt place to the ſecond, 
and of the ſecond place to the firſt. | 


Queſt. 1+ 4dmit: there be a place in North | Latitude 40 deg; 00', anc- 
ther in the Latitude of 50 deg, 00' North Latitude ( but to the Ea(t- 
ward ) and let the difference of Longitude between them . be 23 deg, 30', 
I demand their neareſt diſtance in the Arch of a great Circle, the direc 
Cres the firſt place from the. ſecond, and of the ſecond place from 
't firſt, +; $50 $$. CE | TROVIT A | | 


In the Triatigle A BD 
Let ABbe the Complement of 40 deg. 00' namely 50 deg. o0' 
Let BD be the Complement of 50 deg. 00! namely 4.0 deg. oc 


"y . 
4 « [1 
; ; 


Let.the Angle at B be 23 deg..30' the differcnce. of Longitvde be- 


tween them, ( then doth B repreſent the North-Pole .) and ADan 


Arch of a oreat Circle that leads between them; A 15 the Angle of 
. T + GIrcci 


--— aun? 


> 


v. 


D B ?, C0s 


great Circle, is but 
keagues to a degree 


Oblique Triangles. 


(BD 404d b 
Data. Jo 23 deg, 30 N co. B + Radimsis =to t:co, BD+:.BI 
CTo find BI F- | 


Tis certain, the Angle at D is above 90 degrees, and therefore we 
ſhall find his Complement to 180 degrees, thus , by the firli Caf M: 


Great Cirele Sailing. 


a+ dire Poſition from the firſt to the ſeconq 
" and D the dire Poſition from the Eaſter. 
molt to the Weſtermoſt, ' Firſt then, to 


find the:ſide A D. 


We have two ſides and a containg 
Angle given, to find the third fide. If ws 
let fall the Perpendicular D 1, we have ( in 
the Triangle BI D, right angled at]) 


. oo! 


40 deg. Oo! co. ar. 9.92381 
B F. C0» 23 deg. 30 9.96239 
Bls.-- 37 deg. 35'/ 9.88620 
Which ſubſtraQted from BA 50 deg. oo 
Leaves I A 12 dep. 25/ 

- Now for A D, | 
As s. co. BI 37 deg. 37' co.gr. 0.101213, 
Is to 9.co. IA. 22 deg. 25/ 9.989721 
So iS 9.co BY = 4Owleg. od 9.884254 
To 5.co. D A 18 deg, 1 9.975188 


Thus you ſee the diſtance between theſe two places in the Arch ofa 


18 deg. 11/5 which converted into leagues, at 20 
,1s 363 leagues 2 miles, or 1091 miles, 


Next, to find the Angle at D. 


'd 


As 7.BA 18 11 


To 7. B 23 30 
G BA $50 00 


To 5; D 78 I2 


d. m. 
ASAD 5. 1S 1t 
ToB &£s. 23 30 
OBDs. 40 oo 


ToA xs. 67 09 
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9.96451 
The like is to be underſtood of any other Queſtion of this nature. 


0.50576 d. m. 
9.60069( From i80 oo 
9.88425 F<Sublira&t 7% 12 


> nar 7 EPR nao aaron 


9.99070 ) ( Therema.is ADB ror 48 


This 78 deg. 12' is the Angle of dirc@ poſition of the Eaftermoſi 
Ship from the Weſtermoſt z namely, South 78 deg. 12' Weſterly, or 
Welt 11 deg. 48' Southerly, which is Weſt by South 37 deg. Sou- 


Laſily, for the Angle at A. 


0.59576 ) ( Thus the Angle of diredt poli- 
9.60069( } tion from the Weltermoli place 
9.80806 to the Eaſtermoſt, is 67 4d. 09! 


ES retina 


that is,North 67 409 Eaſterly. 


Thus then, if I were to ſet from the Weſtermoſt place, my firſi 
Courſe is found to be North 67 deg. 9' Eaſterly 3 but you muſt not 
hold that Courſe long, but incline more to the Eaſtwards, as you fail 
further and further 3 as I ſhall ſhew hereafter how, 
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' Two places being in one Latitude, or Parallel, and their yeqq 
diſtance being alſo given ; to find the difference of Longitude 
between them, and the direct Poſition of the one place from yh 

* other. 


Queſt. 2. Admit there be+two places in the. Latitude of 50 deg, o9' jj; 
ftant in the Arch of a great Circle ( which 4s their neareſt 4+, "y 
1800 miles ; I demand the difference of Longitude between (un, and 
the Angles of dire Poſition from the firſt place to the ſecond, cr frm'th 
ſecond place to the firſt 5 alſo the Northermoſt. Latitude you will ſajl to, 
to follow the Arch of a great Circle. 


In the Triangle AB D, imagine B to be the North P ole. | 


B 


o FR 


A. D E 
| | d. th 
[E-= D Brepreſent the Complement of the Eafter- 40 00 
moſt places, Latitude 

Let AB be the Complement of the Weſtermolſi and 40 o | 

ces. Latitude 
Let AD be the neareſt diſtance of thoſe places in the F 30 00 

Arch of a great Circle 1800 miles, or 


And let it be required to find the Angle at A or D, their ey 
tion 
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ſition 3 and the Angle at Bz the difference of Longitude between 
them 3 alſo B I, the Complement of the Northermolt Latitude in tha: 
Arch, | | 

The reaſon 1 make the neareſt diſtance of the places to'be zo deg. 
o0' is, for that in a great Circle of the Earth 60 miles is a degree, con- 


duded upon by all ingenious men that have endeavoured to find the 
quantity of a degree upon the Earth, 


For the reſolving this Queſtion, Let fall the Perpendicular IB, ard 
it divides the Triavgle A B D into two right angled Triangles,namely 
BID, and BIA, and in cach of theſe the corceſpondent things are 
cqua}, becauſe B D and B-Aare cqual : fo that if we tind the Anvgle at 
Din the Triangle BI D, it's = to the Angle at A; and if you find 
the Angle I B D,. it's halt the diffexence of Longitude A BD, or == to 

ABI. _ Eh, 


Firſt, for the Angle at D. 
/ 
So b 49. deg, OO C co. D + Radins is = to 


Data 21 the halfok DA 15 deg. o0' 
* CKequired D, the Angle of Poſition)” * © D Bt. DI. 


_ "fs: "iv 
DB #. co. 40 -00-- '--:T0,07618 
DI ?. 15:.00--- | 9.42805 
D 5.C0. 71 -23_ 9.50423 


- Thus then the firſt Courſe the Eaftermoſt Stip ſhould fieer to come 
the neareſt way to the Weſtermoſt Port, is North 71 deg. 23' Welter- 
« y; that is, Welt and by North 7 deg. 22' Northerly. 

And becauſe the places be both in one Parallel, therefore the Welicr- 
molt Ship muſt ſteer Eaſt by North 7 deg. 22'. Northerly, at her firti 
ſetting from the Weſtermolt Port, to. go: the nearelt way to the Ealter- 
moſt, But, as I have intimated before, thele Courſes will alter to 
Keep to a great Circle, and therefore care muli be taken accordingly, as 
| ſhall ſhew hereafter. 


Next, for the difference of Longitude the half of which is I BD. 


DB 
Data, J ! b. ID + Radius, is =to 5. DB+ 1. DBI. 
CRequired DBID 0 
ſs 


' 


| | d. Ms '\ wo 
5, DB 40 OO ' 004M 0.19193 
s DI 15 OO 9.41299 
s,* DB1 23 .45 | 9.60492 


| 22 &þ 
And this D BI being doubled, is the difference of 7 hf 
| Longitude required D.B A 47 deg, 30 aid 


Laftly, for BT, the Complement of the Northermoſt Latitu, , 


-y 
\ 
; 


DB 40 4. 00 
Data. 3D I 154. oo 5.co. DB Radins,is =to v.co. I D-4-1alt | 
CRequired IB J), | | 


& ue. 
'Fo C0s D l 1 5 00 CO ft. 0.01505 
S.co. DB 40 OO | 9.88425 
| + as '$. co. BI 37 31 9 89930 


This 37 deg. 31' is the Complement of the Northermoſt Latitude 
the Arch will carry you to. | M0 


And thus you ſee to follow the Arch of a great Cirde, you muſt 

. | | ſhape your Courſeſo, that when youare half way ( in this aſe) yo 
6. muſt be in the Latitude of 57 deg» 31', But it's necefſary.in alesd 
this-nature, at your firſt ſetting out, to calculate for every 4 degies 


. in your Voyage near this Arch of a great Circle 3 which will be 
| as followeth, in all Voyages where the places be in one Paralle! ori 
titude, Alfo to ſet down the Latitudes that this Arch paſſeth bj 


CAL 


that you fail, a Table of dire& Politions, or Courſes, that will keepjot' 
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| CASE 3. 
Two places being in one Parallel or Latitude, and their neareſt 
diſtance in the Arch of a great Circle given ; to find the 
| dire Poſition for every 4 deg. 30 min. of diſtance, ſayling. 
'| in that Arch, and the Latitudes that this Arch paſſeth by. 


(ueſt. 3. Admit there be two places inthe Latitude of 5o deg. 00' North- 

'Þ Latitude, and their diſtance in the Arch of a great Circle be 1800 miles, 
or 30deg, 00"; TI demand the Courſe to keep to that Arch of a Circle 

forwery 4 deg. 30' of diſtance ſailed in it. | 


Et fall the Perpendicular BT, which divides the Triangle into two 
riplitangled Triangles, whoſe fides and Angles are equal one to - 
the other, each to his correſpondent, Now if we begin in the Tri-- 
angle BDJ, counting the Arch of a great Circle that leades between-/ 
| theſe places AD, to be divided from D; by the Meridians B 1, B2, 
; B3, Ba, B5, B6, into equal parts, at 4 deg 30'to a part; according 
' | fothe Queſtion, Here then, 
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y_ — — - nd 
” —IY 2 # _ IE; ; 
. . "7 - —_ _ ; * 7 = 4 
_ — 8 PO - fa SAT; 3 "WY 5. 
: , : ; Cr er Rte” — SI 
% 39 - . Condens « 
- wo ” - an _ 
< At tet ee : 7 6. 4 ">. ws TP RE 4 Iu 

SO TONPIE j ag $a +> F 434% 

, nd Y v My 
, / Ws” . 
7 

- - 
#7 
ad 

bk. 
£ 
. ; 
. by 
F 


Firſt, to find BI the Perpendicular. 


i D half the neareſt diſtance 154d. 00 [- co. BD+R4 1 
Das 


D B the Comp. of the Latit. 40 4. 00 = <0 DI. 
Required I B Ss C0, | B.. 4 b. 
5c DI... 15+ 00: | 00+ @fe-* | 0.01505 Wo 
{ce BU 40-00 9. 9.98425 

Fe C0. & 1-37 31 | 9.89930 


And this ſubſtracted from 90 deg. is the Northecmoſt Latitude that | 


the Arch of a great Circle will carry you to, namely 52-dep. 29, © 


Things being brought in this order, g9 to work, and fee for ey | 
of theſe divitions or 4 deg. 3o' in this Arch, what Vatitude we ful 
be in, and what Courſe we ſhould ſhape to keep to the Arch; gh 
what Longitude we ſhall make at each divifion as we go along; ad 
ſet it down in a Tabuler way ( as hereafter ) to ſerve for the whdh 


Voyage, or many Voyages to that place. 


And firſt, for the firſt Courſe at faking s oitt frm D. 


BD 404. 00: | 
Data. Þo I 15 4. 00 Fo D + Me = to taco, POTN | 


eqn D. | 
t.co, DB. 40 < -o0t-  10,076186 
f. : KT I5 O00 926054 
5.co, D 71 LE 9504258 | | 


Net for the dforemad of Lngitads between the two o plac A BD. | 


; 
| 


d. "Me | 
t.co, ID 15 ©0 10.57194 . 
"tr. NE" 37 31 | - 9.78461 
f. C0. DBI 25 45 10.35655 


Which doubled, is ABD the difference of Longitude 47 deg+ 3 2 | | 
_ 
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- Thus then the firſt Courſe I ſteer is North 7 1 deg. 23 Weſterly 3, that 
is. Weſt North Weſt 3 deg. 57' Weſterly : {et it down in the Ta* 
ble as you ſee here, and it will be read thus : _ : 
At my ſetting out PII ſteer W N W 3 deg. 57' Wekſterly,till from D 
[come to I. REDS re Woes | w_ 


Next to find what Courſe I muſt fteer from 1,, which 1 4 deg. 30' in my 


| ways 


EF ct-1.; todeg. 30 WO: 
pl B 37 deg. Wo Ii +Rad. is=to#t. IT B+ +#.co, Bil. 
2 Required B1l 0 


i 


Oy | Rr, _ C0. Ars Or t, C0.  10.11475 
LIT. 790 | 9.26063 
+B11t 0-70-39: | | xY9.37538 


The ſecond Courſe is North 76 deg. 39' Weſterly, that you muſt 
ſteer 3 which is Weſt North Wet 9 deg. g' Weſterly. 


For the Latitude T am in at 1. 
d 


ms 


OBt--37 6 31r3naBI- 237 31 9.89936 
Das 1 104. zo co. TT 6 -30 © 9 99266 
| Required Bil. ),co.B its co. 51 15 9.89202 


For the Longitude IThave made at 1. 


| a, 4: : 
' (BI [3574 31/ys. IB "SR 9.78461 
Pos St 10d. 30 dr Io 30 10.73203 
Required IB 1.);,o,1B1 16 56 10.4.1664. 


Here I conſider, that when I (ct out, 1 found the Angle at B, nainely 
IBD, to be 23 deg. 45', and nowl find the Anglc i B 1 to be but 
16 deg. 56' 5 which being ſabſiracked from 1B D, icaves 1B D the 
difference of Longitude I have made ſince I fet out, namely 6 deg. 49'3 
” {0 1 ſet down in the Table the ſecond line, which will be read 
thus ; 


+ Vyv | When 


- —_—_—_—— 
_————  — —  —— IL Arie w/c oa Oo UA; ee 


330 © Great Circle Sailing. 


= i. 
=_— —_ eos 
4 NARS belle 7 bit. 4s 4 ” POOEnN LE elbany” : 248.4 
| ———— tie _ 
. 4 $1. TS "a : : my "  .- 
” 


When I have failed 4 deg. 30' of the Arch of a great Cirge th | 
leads between theſe two places, I muſt ſteer V/eſt North Weſ 9 dv. 
Weſterly, and muſi be then in the Latitude of 51 deg. 15', ang ho 
have Weſt Longitude from the place-I (et 6 deg. 49'. 


_ TY EEO rs mm 
iftance in | PROP, = 
| _ Arch: COURSE. Latitude, |Longitule 
«Mb d. m. d. me 7 Hep 
o oo |WNW 3 57 Welſtaly | 50 oo|o © 
4 30 |WNW 9 og Weſterly | 51 15| o6 yy 
9. 00-18 7 45 Northerly| 52 o4 | 13 57 
13: 3o |W I 53 Noxtherly| 52 28|21 7 
18 oo |W 4 33 Southerly | 52: 21 | 29 1. 
|. 22. 30 {[W 9 or Southerly | 51 56 | 35 o| 
{ 27 oo [WSW 6 45 Welteily | 51: ©0| 42 13 
| 30 . 00 IWSW 357 | Weſterly | 50 .oo | 47 30| 
Next, for the Courſe at 2. 
de me 
I (ubſtract from I D 15 ©O0 
D2 O9 OO 
The remainder is 21 06 o& 


(12 064. oo'y | 
Data. | B 37 4. We I2+ Rad. is=to t.1 B+ t.ul2B. 


CRequired I 2 B,) 
; d. me. | 
IB 2.co. 37. 31 1011475 
I2 Fs. O06 ©0 | - 9.01923 
I 2 Br.co. 82 15 9.13399 


Thus the next Courſe from 2, muſt be North $2 deg. 15' Welter) 
that is, Weſt 7 deg. 45' Northerly. . 


Jen. 2 
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For the Latitue at 2. 


d. m. 
{12 064. oo'ys.coBI - 37 31 9.89936 
per f1B 37 d. Ove O06 OO 9.99761 
(Required 2B IJ,,,,Bi 37 56 "9.89697 


The Complement of 2 B (here found ) is the Latitude you are in 
at 2, namely 52 deg. 4'. 


* For the Longitude at 2: 


4. M, 
T7I2 o6d. oo'yt.c. I 2 06 O©0 0.97837 
| Paul 374. 31d I'B 37 31 _9.78461 
CRequired I B 2.3 ;,,, IB2 og 58 10.76298 
This being ſubfirated from 1B D 23 deg. 45! 


» ; 9 deg. 45 
 * Leaves the difference of Longitude I have made 2 BD 13 deg- 57 


B 


Thus then, when I am at 2 in the Arch of a oreat Circle, I muſt 
hape my Courſe Weſt 7 deg. 45' Northerly 3 and to keep it; I mw 
Vy 2 Ms 
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be in the Latitude of 52 deg. 4', and my difference of Longitude that 
I ſhould make, would be 13 deg. 57'. | | 


Next, for my Conrſe at 3. 
d. me 


31 1d. Z3O'JIB ft. co 37 31 10.1147; 
D 34.2, 1 B37 as we S...-0< OI 3® 8.41791 
Required I3D 21I3Br.co, * 88 03 frrota T5207 


Thus the next courſe from 3 wound be Weſt 1 deg. 53 Northerl, 


' To find the Latitude I am in at 3. 
d.. m.NJ7.coBI 37 deg. 31” 689936 


Mz 'r o(rwl3 * 1dg-30” og | 
En 2Þ 5 CO  -., 
| { required B 3 Jo.co.B3 37 deg. 32 9.39921 


The Latitude you ſhould be in at 3 is 52 deg. 28/, 
To find the Longitude the Circle paſſeth at 3. 


d. m.Yt.col 3 " 2006-30 t 1.581992 
| [ r-:.30{ 4.18 37 deg. 31 9.784610 
Data. IB 37 31 ————_—_ 
"Required I'B3 )r.co.lB3 2 deg. 28/ 11366543 
From IB D of M 23 deg. 45 
Subſtra&lTB 3 here found 02 deg, 2 


The remainder is the Longit. I have made at 3 21 de. 17' 


If the courſe between 3 and 4 had been due Weſt, it had been ntter 
better, becauſe/the courſe for the firſt five degrees from D holding to 
A, as it doth at D, whereas there is alteration,though not conliferabl; 
and ſo likewiſe between 3 and 4.3 for from I to 4 is to the Soutt 
wards of the Weſt, and from1 to 3 to the Southwards of the Halt 
but theſe nicities can breed no errour, but that you ill follow the Ar 
of a great Circle near enough, becauſe you calculate. the Latitude & | 
each placet ' EF - 


+, tu 


* | : 
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Next then for our Courſe from 4, 


I conſider from 1 to 4. it is 3 deg. 30 
And Bl is given as before 37 deg. 31 
And B 4.1 is required. 
IBr. 60% 37+ BEE 1-31” 1011475 

[ 45... +. 03. 430 8,78567 
B 4It.co. 85 deg. 27 $.9004.2 


And this courſe is from 4 South Weſterly 85 deg. 27', that is Welt 
4 deg. 33 Southerly., - 


Next for the Latitnde at 4. 


Dat I 4 3 30o{ r.co. I 4 03 deg. 30 9.99918 
NS --37-38 | 
Rcquired 4 B : Ji.co.B4 37 deg- 39 9.89854 


The Latitude you ſhould be in at{4. is 52 deg. 21'. 


For the Longenes IB4. 


| d. m. d. ms 
(I4 3 "-30).t. co. 1 4: 3-30. 4.23383: 
Pas B 37 31ps.IB: £37 31 9.78461 
Required IB4 2z,co. IB4 o5 44 1099812 
Which being addedto I BD 23 deg. 45! 
Te _ Gives the difference of Longitude at 4. 29 deg. 29' - 
Next for our Courſe at 5. 
The diſtance from Ito 5, is given to be 4 deg: 30o' more than 
d. m. 
I 4 was ( namely) 7 ©0 
2 3 | "x þ 


I 5 B isxequired. 


Great Circle S ailing. 


| Rs 7. 
I Bt, co. 37 3k __ 16.11475 
I55. | 07. oo " 08589 
I5B 7. co. 80 59 9.20064 


The Courſe Is from 5 South Bo deg, 59' Weſterly, that is gd 
9 deg. 1' Southerly. 


For the Latitnde we are in at 5. 


d. m: 
©2408 -9 &:00'y 50s BI-::37 [31 | 989926 | 
Data.41l B 374. 31 Fr 0,14 -., O07  ©0 9.99675 
Required B % F;.c0 B5 36 04. " 98g0n 


The Comp. of B 5 hete found, is the Latit. at 5, namely 51 dy;51 


For the Longitude at 5. 


d. m. 
ly: 7& 00yL$ 10-07-00. -. togtol;, | 
Das B 374. 3:18 Se 37 31 | 9.70461 
Required I By. JIBgr a 11 24 Todgggb 


This 11 1 deg. 24' added to IBD makes 5 BD 35 deg. og. 


Next, for our Courſe at 6. 


d. th | 
16: 12 6303p wo IB -:: 37. 31 0.11475 
Data, 0 37 4. 31 oy Il 6 12 30 933} 
Required B6I I, v.168B 74 15 9450 


The Courſe is from 6 South 74 deg, 15' Weſterly 3 that Is Vs 
South Weſt 6 dep. 45' Weſterly: 


For the Latitude we are in at 6. 


- wo d. m. 
(16 114. 30'ye. co BI 37. 31 9dggj 
Data. z B 37 4. 31 $7 ca. I 6 It 30 9999 
Required B 6, 


"WM boy 
 1,.c0-B 6 51 O0 ae 
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The Side found here, is 39 deg. its Complement is the Latitude 


FI deg. oo' at 6. 
Laſtly, for the Longitude at 6, 


d. ' m. 
16 114. 30'y1I6 t. co. Ii 30 10.69153 
pus B 37 d. TN B 5. ) 37 31: 9.79461 
| (Required IB6.)1B67#.co., 18 28 1047614 
This 18 deg. 28/ added to 23 dege 4.5 
Gives DB 6 42 deg. 13/ 


Toprove your work, you may find the Longitude that will be made 
' at A, and the Latitude you ſhould be in there, thus : 


| d; ms n 
E- cal A 154. co'Y IA 2. I5- OO I057194 
Data. J B -.37 6. we B 5. T7 3f 9.79461 
. Required ABI. ABI #. co. 23 45 10.35655 
| | "RW 
The Longitude that is made from I failing to Ajis _ * 23 45 
Which added to the Longitude made, failing in the — . 
Arch fromD to], equal to it 3 43 
Makes the difference of Longitude DB A' 49 30. 


And thus you ſee, that if the diſtance from D to A be 1500 miles 
or 30. degrees in that Arch of a great- Circle, and that the two places 
Dand A- be in one Parallel; the difference of Longitude between 


them is 47 deg. 3o'. Now this difference of Longitude, if it had been 
Fun up in the Parallel of 5o degrees, would have made the Run longer 


than to follow the Arch of a great Circle, by 32 milesz which though 
It be not much in this caſe, yet it ſerves to ſhew that the Arch of a 
great Circle is the neareſt way, ( which ſome that do not underſtand 
 thenature of it, will not believe: ) and in other caſes you will ſee a 
great difference, as hereafter we ſhall ſhew.. 

8 . For 


af 
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For the Latitude you (hall be in at A. 


C18 - 37d; 31" 9 5-co. BI 37-31 9.89936 
Data. J A. 5 d. 00 C co.l A I5 OO 9.9849; 
ERequired BA ),,vu.BA 40 oo 98g | 


Whoſe Complement to 90 deg. is 50 deg. 00' the Latitude TOu 
. ſhould be in at A. | | 


And thus for any Voyage you may calculate your Courſe as yell 4 
every ſingle degree, 2 degrees, or for every five degrees that youſail n |} - 
the Arch of a great Circle, ( which is near enough ) and allo ; 
what Latitudes and Longitudes the Arch will go by at your fir 
ting out, that ſo you-may order your buſineſs thereafter in the Vo 
[ am willing to be the larger in theſe things, becauſe they be of grey | 


conſequence 3 and I would have all men uſe this way of failing, whe 
they can. 


| CASE 4. : 
Two places being propoſed, the one in the Latitude of 110g, 
12 min. North Eaſt, the other in the Latitude of 5odg, | 
' ©© Min. and the neareſt diſtance in a great Circle of the ſme 
being alſo Known; to find their difference of Longitude, the 
dirett Poſition of the firſt from the ſecond, and of the ſecond 
from the firſt, + 


Quelt. 4 Admit that T ſet from the Lizard Lying , in North Latin 
50 deg, 00', and am bound to Barbados, which lieth in North Lt 
tude 13 deg. 12', and #4 diſtant from the Lizard in the Arch of «gr 
Crrele, 57 deg. 09, or 3428 miles, between the South andthe 
T demand the difference of Longitude between them, and the - Ange 

Poſition from the Lizard to Barbados, as alſo from Barbados tothe It 


zard. | 
HF B repreſents the North Pole 5 then muſi d, i 
B A be.the Complement of the Latitude of Barbados, 79 # } 
B D the Complement of the Latitude of the Lizard, 40 


AD the neazcit diftance of them, "$7 of 


And let it be required to find the Angle B, which is the difference } 
Longitude, Tie 


\ 
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8 da. Mr B 
The fide AB5 76 48 
The fide BD 1s 40-..00 
The difference is 36 43 | 
The half difference 18 24 
The half of AD is 28 34 iD 
Sum 46 53 EE eB 
Remainder IO 10 a. & 
7 ED d. Mm, 
A of 40 OO Co. ars 0.19193 
 s. BA 76 48 C0. ar. | 0.01162 
5 Sum 46 58 9.86389 
5%. Remainder 10 10 9.24677 
19.3 1421 
s. half ABD 27 deg. 00' 9.65710 


Which Doubled, is 54 deg. = the diffetence of Longitude: 


Thus then the difference of Longitude between the Lizard and the 
Iſland of Barbados, is (at this rate) 54 deg. oof 


Next, for the Angle of Poſition at the Lizard, D.' *© 
d 


m 


ks s. DA 90s ee; | 0.07575 
tos, B 54 OO 9.90795 
$0 is F. BA 76 48. 9.98837 
Tos, D (its co. to 130 deg.) 69 40 9.97207 


2 deg. 10! Weſterly. 


+ X Ie _. Laſtly, 
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Laftly, for the Angle of Pofition from Barbados, A. 


" AE 3 | ; 
As s, DA 57 O38 co. ar. 0.07575 
- Istos, B 54 OO 9.90795 
Soiss.. DB. 40 ©O 9. 80806 
To s. A 38 15 9.79176 


It is evident then, the firſt Courſe you ſteer from Barbados; is Non | 
38 deg. Eafterly 3 that is, North Eaſt by North 4 deg. 30 fag | 
erly. E 


CASE 5. 

The Latitndes of two places being given, and the differene o 

Longitude between them being alſo known ; to find their wy. © 

eſt T:Rance in the Arch of a great Circle, and the dirett Pyj.. 

tion of the firſt from the ſecond, and of the ſecond from th 

firſt ; and by what Latitudes aud Longitudes the Arch f a 
great Circle paſſeth. yi 


Queſt. 5. Admit T ſet from the Lizard, which # North Latitude 50 dep, 
oo' and be bound to Barbados, which is in North Latitude 13 deg 12' 
and if Barbados hath Weſt Longitude from the Lizard 54 deg, 00'; Tl ff 
demand the neareſt diſtance of theſe places, and the Angle of dire Poſe | 
tion from the Lizard to Barbados, and from Barbados to the Lizaid, 


| | - *: 

T JEre in the Triangle A BD, we have given BD, the i 
Complement of the Latitude of the Lizard x 

BA the Complement of the Latitude of Barbados 76 4 

And ABD the difference of Longitude between them 54 o 


F irft then, for A D, the neareſt diſtance between them. 


_ Let fall the Perpendicular A 1, and then we have given in the right 
avgled Triangle A IB, | 5 
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d. 

3 76d. a8'Yt. BA: . 76 48 0.62976 
- A FA od. co, B 54 OO 9.76921 
To find BI. t, BI \. $2. Rb 10.39897 

d. mM. 

As 5. co, Bl 68 14 C0. ar. 0.4.3082 

Is tos.co, DI 28 14 9.94498 

Sois 19.co, BA. 76 48 | 9.35860 

To s.co., DA 57 08 9.73440 


©. This 57 deg. o8' converted into miles, at 60 miles tO a degree, in a 
orcat Circle, gives for the number of miles between them 3 4 deg. 29". 


Secondly, for the Angle of dire Poſition B 
 fromtheLizard D. 
d. me 

As3.AD 57 08 co.ar. 0.07575. 

 bhtos.B 54 00 9.90795 

00s. BA 76 48 9.98837 : 
Tos.D its co. : 
to180 1501899 w 9:97207 E 


po ooenereenens of 


The Angle of direct Poſition of Barbados from the Lizard, is then 


South 69 deg. 4o' Weſterly 3 that is, Welt South Weſt 2 dep. 10' 
Weſterly. 


Laſtly, for the Angle at A. 


d. m, 
As s. AD 57 ©8 C0: as 0.07575 
Is to s. B 54 OO 990795 
Sois s. BD 40 oo 9.80806 
Tos.A 38 15 | 9.79176 


The Angle of Poſition from Barbados to the Lizard, is North 38 tas; 
15' Eaſterly 3 that is, North Eaſt by North 4 deg. 3o' Eafterly, The 
like for any other of this kind. 


k = AX 2 7 We 
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We have found the neateſt diſtance between the Lizard and ng, 
bados, in the Arch of a great Circle, to be 57 deg. 08", or 3428 mij... 
and alſo the Angle of Poſition from the Lizard to Barbady, Th 
69 deg. 40'3 and the Angle of Polition from Barbadzs to the Liznd 

tobe 3B deg. 15'. But now, | 
Admit 1 would know by what Latitude and Longitude this Arch 
of a great Circle doth paſs, that ſo I may ſet my buſineſs in orderfy 
the keeping a Reckoning from one of theſe'places to: the other, and 6 
follow this Arch as near as I can. 

| I havelhewed in 2xeff. 3. how to find by what Latitudes andLon. 
gitudes the Arch of a great Circle doth paſs 3 but that Queltion was 
wrought in an Example where the places were both in one Latitnde; 
but in this caſe they be not in one Latitude, which differs ſomething 
from the former: and therefore I am willing to ſhew an Example of 
it. Alſo, that was wrought for degrees given upon the Archof a preat 
Circle, this to every fifth degree of Longitude between the places, 

Suppoſe then, that I would know by what Latitude this Arch of 
—— paſſeth, to every fifth degree of Longitude, and the 
Courle, 


. In the Triangle ABD, 


d. 

Let D be the Latitude of the Lizard, whoſe Complement 

of Latitude or dittance from the North Pole, is D B of. my 
Let A be Barbados, whoſe Comp. of Latitude is A B 76 48 
The difference of Longitude ABD is | 54 00 
The Angle of direct Poſition from the Lizard is BD A 

110 deg. 20', whoſe Complement to 180 deg. " 69 40 

ADR, the Courſe from the South 


For the doing this Queſtion, ( in the preceding Figure ) let fallthe 
Perpendicular BI, witich will fall without the Triangle, becauſe the 
Arch of a great Circle dijccts it (elf to the Notthwards of the Ealt, 
you may {ce by the Angle of Poſition but now found : for where the 
Perpendicular falls from the Pole, upon this Arch is the very Nortier 
motlt point or Latitude that the Arch goes through, and muſt therefore 
be the place where the Perpendicular falls becauſe there onely the 
Angles of Poſition ( to keep that Circle ) would be Eaſt and Welk 


F if, 
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Firft then, to find the Perpendicular, which muſt be our firſt work. 


We have given in the Triangle BI D, right angled at I, 


d. mh 
BDI=to ADR 69 40 
D B the Complement of the Latitude 40 ©0 
And I B the Perpendicular is required, 
d. m. 
s. BDI 69 40 9:97205 
s. BD 40 OO - 9.80806 
s. TB 37 O04 9.7 8001 


Thus the Perpendicular BI is found to be 37 deg. 04', which is the 
Complement of the Northermoſt Latitudez it reacheth 52 deg. 
56' from the Pole to the great Circles 


Next, we muſt find the Angle of Longitude that this Perpeadicular makes 
without the Triangle A BD, namely DBI. | 


d. nm 


IDB 694. 40 t.co.IDB 69 40 C0. fe... | 0.43112 
Das 3D B 404. oo & co DB 40 vo 9.80425 
Required D BI. 2;,.v. DBI - 25 49 10.31537 


Theſe being found, let us proceed to find by what Latitudes this 
Arch of a great Circle paſſeth from D to A, at every five degrees of 
Longitude 3 and fo the Courſe or Angle of Poſition at thoſe degrees 3 

 IBEis 30 deg. 49'. | 


And firft, for the Latitude at e, in the Triangle I Be. 


| a mM; 
IB 37d. 04'}t.co. Bl 37-04 0.12162 
Dad Be 30 de 49 Cr.co IBe © Zo 49 9.93339 
Required Be. >; .B. Ct--:20 I0,05572 


This 41 deg. 20O' is the Complement of the Latitude at e, 48 deg. 
40'; fo thatat e we find we are in that Latitude, and muſt ficer 
Weſt South Welt 2 deg. 10' VVelterly, fromD to e. For 
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—_— — 
pave ASI OGG Wah. ern cans 
; I : "WP Ps 
- 


| | For the Courſe from e to f. 

| d. m. | | 
| C18 37.06 7s. BI ---: 737-04 _—__ 
= Data.y Be 41 d. 20' e's. eB 417-20 0.18016 
| Required Be I. *;. Bel 65 52 9.96029 


For the Latitude at f. 


| fe 
IB 374. 04/)s.co.1Bf 35: 49 .  - gdb 
Data. J Bf 35%. 4g G co-1B-. 37 ..04 0.1216 
CRequired BF Y, Bf 42 58 100309 | 


Thus from e to f we muſt ſteer South 65 deg. 52' Welterly, andit 
F we ſhall be in the Latitude of 47 deg. 02/. | 


For the Comrſe from f to g. , 
d. m. 
IB 374. 04')s. Bf 42 53 co.ar. 0.166) 
Data. Bf 42 d. 59 IB 37.04. 9.7803 
Required If B, I, 1 £B-:-623---12 99H | 
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For the Latitude at g. 


IBg 404d. 49/E Longitude 5 4. increaſing the Angle I BD 


A IB 39.4. 04 Log I adde at every Station the Angle of 
pac 
Required B g, ſo "_ at each Letter. 


d. M. 
4. co, IBg 40 49 9.87898 
t.co. I B 37 O4 _ ©.12183 
t.co.Bg 44 57 I0:00081 


From f tog, we muſt ſteer South 62 deg. 12' Welterly z and at g 
we ſhall be in the Latitude of 45 deg. 03/. 


For the Conſt from g to b. _ 


| d, Mm. 
IB 374. 047. _ 44 57 0.15089 
Data. dBg 44 4. 57 w 37 - 04. 9.78013 
Required Ip Þ. N,, 138 58 34 9.93102 


For the Latitude at h. 


d..: mM 
(1B 374. 04/3 s.co. IBh 45 4g 9.8432 
| Da S1BE 45 4. mow IB 37 .04 | 10.1218 
| Required Bh. t,.co. Bb 47 18 : 9.9650 

For the Courſe from bh to k, 
IB 374, 04'ys. Bb 47 18. car. 0.13376 
Dae L b 42 d. 42d I'B 37 OX 9.78013 
Required IBþ.. 7. IhB 55 06 9.91359 


The 


4 
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The Latitudes thc IE) - 
; The Courſe at every five degrees ae. 
<a paſſeth| * "1c the Arch paſſeth by. © ot Tongitk 
TT 7 ona "©" 0 Ts 
At e 48 4oſFromDtoe WSW O2 is W | 
Ac f 47 o2|Frometof S 65, 52 Ms 
At g 45 0z3jFromftog S 62 - 12 do's 
Ath 42 42|Fromgtoh S 58 34 Wok 
Ath 39 55|Fromhtok $ 55 96 ea, 
Atl 36 38\FromktolS - Jl 48 rg 
At m 32 50|From! to. mS 49 : erg 
Atn 28 28|FrommtouS 45 50 Watt 
At o 23 30|Fromn too S 43 17 rs 
by 17 58|Fromotop S _ 41 O5 Wet 
At. 13 12|FromptoAS 39 18 UWelth, 
For the Latitude at k. 
de. me 
IB 374. 04'Y .co. IBk 50 49 98005} 
Data. A R, 50 6 w'd t.co IB 37 . 04 rain 
.CRequired Bk Iz.co. Bk 50 05 YTTTT 
For the Courſe from kto I. 
| d. m. 
g || B q d. / of | | | 
Data. 3 'P 4 d. o5'b I Tag jo 
CRequired Tk,B. ),, Bp1 ., : = 
51 48 989534 
For the Latitude at l. 
: | d. m.-. Wo) 
IB 374. 04')s.co. IBI 55 49 9.74gh 
Data.gIB}J 55 d. "ao co. I B 37 O4 0.121 
CRequired BI. 24, BY 53 22 9.87144 


c_  _— 7 
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For the Courſe from I to mm. 


d, m, 

{BI 374. 04'),. Bl. 53 22 
par JB, 53 d. mo BI 37 O4 
. Required I 1. Fs, I 49 34 


For the Latitude at m. 


d. m. 

IB 374. 04')1.co. IB 6o 49 

peed Bm 604. "mo co. I B 37 0O4 
Required Br. ),,.o, By 57 10 

For the Courſe from m to 1. 


OO, d. mh 
TBI 374. 04')s. Bm 57 10 
Das Sm 57 d. rob. BI 37 O4 
Required I ”2 B. 'S, ImB 45 $59 


For the Latitude at n. 


d 


" EP - ”m. 

BI 374. 04'Jt.co. IB 237 og 
Das. $1Bs 65 4. mo co. IB: 65 49 
Required By. J;z.co, By G61 32 


For the Conrſe from n to 0. 


(BI d. 04/ 8 

| 374, 04'ys. IB 04 

Dos JB 61 &. 37 B » Gt 32 
Required I » B, 


_". -o_— — — 


& . Yy 


i. InB 43 17 


C0: Are 


C0, af 
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O.IO131 
9.78013 
9.88144 


0.07559 


9.78013 


9.85572 


0.12183 


9.61242 


9413425 
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For the Latitude at 0. 


de. th 
(BI 374. 04yt.co. IB 37 oa Rq 
Data. | Bo 704. 49 br co. IBo 7o 4g | oi 
2 Required B 0. 1.c0. Bo 66 30 "9.638 


For the Courſe from o to þ. 


d. m. 
(BI 374. 04hIB s. 37 04 97801; 
Data, $Bo 664. 30'FBo «5. 66 30 Co.ar. 003760 
Required IoB. DJ ,r. 41 o5_ Fey mg 
| p 90177} 

For the Latitude at þe 

| ne 1” \ 
CBI 374.04 yt. 1B 37 04: 0.1218; 
Data. \ Bp 75 d. 4d. &. 1BÞp 975:;49-..: 9.30921 

For the Courſe from þ to A. 

a." © the 


Data. Bp 724. 02' 
(Required Bp]. 


For the Latitude at A. 
d 


Ne 


"(BI 37 4. o4/yt.co Bl 37 og o2h 
Data. Jr Bp 79 d. 49 N co. IBp 79. 49 816418 
; Required AB. tico, A B 76 48 | 9,430 


Thus you {ce when you come to p, you wil! be in the L-' 
17 deg, 58'. Now I would wiſh every man to haul into his L- 
before he runs bis Longitude up 3 and therefore, whep you Je © 


\ 


. BI 37 94. 6.7801; 


&ss 37 & ore B þ 72 O2 C0." O07 
s. BpI 39 19.  98orby 


TY 
' 


) 
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you may leave the Arch of a great Gircle, and ſteer more Southerly, ſo 
2s that you may get into 13 deg. 12', before your Longitude is out, by 
100 leagues at leaſt, for fear your Judgment ſhould be out in counting 
your Longitude, And thus having calculated your -Coxrſe, and the 
Latitades by which the Arch of a great Gircle paſleth, it ſerves for any 
Voyage from the Lizard to that place. 


You may calculate your Courſe to every fingle degree of Longitude, 
if you will ; at this (I think) isnear enough: for though the Courſe 
alters by- little and little, yet not ſo conſiderably as to require me to 
ſicer any otherwiſe than in this manner. 

To follow the Arch of a great Circle, 1 believe a man might come 
near the Weſtern lands 3 but it's a commoen thing, and they are very 
bold ſhores, 2nd no danger about them, but what is to be ſeen time ec- 
nough, 


CASE 6. 
Admit I would know how far T ſhall ſail upon the Arch of a grea 


Circle, to alter my Courſe any number of degrees of the Com- 
paſs propoſed, and alſo what difference of Longitude I ſhall 
make, and what Latitude IT ſhall be in.” 


Queſt, 6. Admit T ſet from the Lizard, and be bound to the Iſland of Bar- 
bados, and the firſt dire Courſe that I ſteer from the Lizard, be Weſt 
South Weſt 2 deg. 10' Weſterly, or South 69 deg. 40' ; I demand how 
far T ſhall ſail before I alter my Conrſe 5 deg. 00' to follow the Arch of 
4 great Circle. | | 


| Have ſaid, that to follow the Arch of a great Circle, the Courſe al- 
ters by degrees, and not at once: fo that though at the firſt ſet- 


- tingout at D, 1 fieer Weſt South Weſt 2 deg. 1o' Weſterly, yet the 


Courſe muſt alter gradually. Now the Queſtion is, how many miles 
l ſhall fail, to alter my Courſe 5 deg. oo'.' © | 

Imagine we muſt come to R from D, before we alter our Courſe 
5 degrees 3 then the diſtance D R, is the thing here required. 


Now tor the finding it, we have in the right angled Triangle BI D, 
the Angle BD I, (it being the firſt Courſe at your ſetting out from, 
D=to AD p) and the Complement of the Latitude of the Li- 

* Yy 2 2ard 
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zard DB 3 to find the Perpendicular BI, which we did in the ag py. | 


ample, and it is 37 deg. 04'. 


And then find 1B D, with the ſame things ( we foundit in the 


Example to be 25 deg. 49'.) 


A 


So that in the Triangle BRI, right angled at I, we have given, 


d m. wp 
BRI | 64 40 #. C0, 
The Perpendicular I B 37 04 6 
Tofind RI 20 57 i; 
Secondly, for D1. 


d. m. 


Data.41 DB 69 4. 40 


t.co I DB 6g 40 
CRequired D I. 


s DI 16 15 


Sir 37 d. io. BI 37 ©O4 


VVe found R I to be 
From which ſubfirat D I now found, 


The remainder is DR required - 


Thus you ſee then we muſt fail 4 deg. 42' on the Arch of a great 


Eixrcle, before you need alter your Courſe 5 degrees of the Coop 


4 deg. 42" is 282 miles. 


- 5 degrees leſs than I DB. 


"3-374 ear hk 
Pas yÞ RI 649. 40. BI--..- 
_CRequired BR. D,, RB 


paſſeth at R 48 deg; 10'. 


1B 37d. 04/yt. BI 
Mes JR.B 41 d. $0'01.cnBR 


,CRequired IBR.J;,o,RBI 


-QIB 37d. o4'ye. BI. 
DoS D 404. od G: co. BD 
CRequired IBD.J,,,,1BD 


Here we. have found I BR tobe. 
From which ſubſira@.1 B.D 


is made at R required. 


every degree upon the Arch of a great Circl 


d 


41 


37 
41 


31 
d 


40 
25 


64 
37 


37 
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e, is 60 miles : ſo that this 


Next, for the Latitude at R. 


- you ask how the Angle B R I was given in this and the laſt Ex- 
ample, you may note, the Queſtion gives the Angle at R, to dif- 
fer from the Angle at D 5 degrees 3 which mult make 1 R B 


4O C0.ar, O,04391 
04 9.78013 
50 | ' 9.82404. 


This R B ſubſiracted from 90 deg. leaves the Latitude this Arch 


Laſtly, for the difference of Longitude D BR. 
7 | 


04 9.87816 
50 0.05319 
22 9493135 
hs 
04 9.87816 
OO 0.07618 
49 9493434 
d. m 
31-22: 
25 49 


And the remainder is D BR the ane os 32. 


<p 
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27 y.; oe RT Rog, 
The Latitude of a com given, the neareſt diſtance of that dla 
from another, being alſo given, with the difference of [1y, 
tude between them ; to find the direit' Poſition of ow 
from it, alſo the Latitude the other lies in; 


Queſt. 7. Admit the neareſt diftance from the Lizard ts Barbados be 341k 
miles, or 57 deg, 08, and that Barbados hath Weſt Longitude fron th 
Lizard 50 deg. o0' 3 1 demand (provided the Lizard lies in the Lyj. 
tude of 50 deg. 00') what Latitude Barbados lies in, and the Jy, 
of Poſition from the Lizard to Baxbados, or from Barbados j th [. 
zard. | 


N the Triangle ABD we have given the Longitude betwen 


- 


them, | & n 
- RO e wo 54 00 
D B the Complement of the Latitude of the Lizard 40 00 
D A the nearcſi diſtance in the Arch of a great Circle 57 d 


' 
EE = wa 
þ ' - 


After 


Firſt, for the Angle of Poſution from BarbaiJos t» the Lizard, b 
d. me. 
&3 $3. DA Wo os -.: C9 ars 0.0751 
To s. B 54 OO 4 x4 
S0 4 BD 40-00: | 9510 
To nA 38 15 | 2h 
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Aﬀter the ſame manner, it the Complement of the Latitude of the 
Barbados had been the Latitude given, you would haye found the Angle 
of diredt Poſition from the Lizard D; | 
T find-the Latitude of Barbados, the Complement of which is A B. 
Wer will let fall the Perpendicular DI, and ſo the Triangle ADB 
is divided into two right angled Angles, namely DIB and DIA, 


' In 'theTriangle DBI. 


” Os i 74 'd. m. 
(BD 404. .0c'y?t. BD 40 OO 9.92381 
Data: ÞD BI 54 d. 0o/F el B I 54 OO 9.7 0921 
: Required BI. 7, B 1 26 15 9.69302 
th 

hs * J. C0. BD 40 OO C0: are ©.11574 
kto 9.cos, DA 57 ©8 9.73454 

015 Fo C0« 5 26 15 - 9.9527 
To-:59. 00) 1A -.$0 33 RS 9.80301 
| d, m. 
Now if to this I A here found | JO 33 
You adde I B beforefound | | _ 
It gives B A the Complement of the Latitude at A | 76 48 
Whoſe Latitude is required .:..- 33 32 

Laftly, for the Angle of Pofition fromthe izard A D B. 
| a. | 
As o, ABD 40 OO C0. are 0.19193 
To . A 38' 15 7 9.79175 
W Js. BA --, 76: ...46 9.98837 
To s. BDA its co. to 180 6 TE 

dg. ADR=toBDR FP? #* 99730) 


The Angle of Poſition required at D,then is. thus found to be. 69 d. 40' 
The like is to be underſtood for any other of this nature, 


CASE 
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CASE8. 


Two places being known, the one 'to be under the Equinoial the 
other in any other Latitude given, with the difference of [yy 
gitude between them ; to find their neareſt diſtance in ty, 

' Arch of a great Circle, the direft Poſition of the ſecond Mac 
from the fre and of the firſt place from the ſecond, 


Queſt. 8. Admit there be a place under the EquinoQial, another plus 
North Latitude 4.9 deg. o0', and lying to the Eaftwards of the Myi. 
dian of it 38 deg, oo', I demand the neareſt diftance between th 
places, end their Poſition or Angle of bearing { in the Arch of « qua 
Circle ) at firſt ſetting from each of them. 


WW E may work this either by the Complements of the given [ 

titudes, or by the Latitudes themſelves; if we work by th 
Complements of the Latitudes, one ſide of the Triangle is 90 deprees 
but if you work by the Latitudes themſelves, then you will haye one 
Angle a Right Angle. I will touch upon both, but reſolve it frft in 
the right avgled Triangle following 3 in which 


RB Let A repreſent the place under thef- 
quinoEtial, 

| Let B be the place in the Latitude of 
49 deg. 00". | 

_ Then is BD an Arch of the Meridian 
from that Northermoſt place to the Equi 
nota), and cuts ſo far to the Eaftwardsd 
the place in the EquinoGtial, as betweait 
and that place is the difference of Long: 

| tude A D 38 deg. oo'. | 

o And AB is the neareſt diſtance betwett 
| them in the Arch of a great Circle. 

A is the Angle of Poſition at the plc 
A D under the EquinoQial. 

4 —_  _B is the Angle of Poſition from tii 
place in the Latitude of 49 deg. o0', 

* The Angle at Dis a Right Angle. 
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In this Triangle then, 


DB 494. of 
Paa3DA 38 d. oo co BA-LRad. is =t0 5.co.B Dl-5.co. D A 


Required B A, 
" wm 
5.co, * BD 49 ©0 9.81694 
+ DA 38:00" - 989653 
co, BA 58 52 9.71347 
Their neareſt difiance in a great Circle BA is 58 deg. 52", or 3532 
miles, | 


For the Angle of Poſition at A. 


, /þ ; {PD 
| DB 494. eJBD to. | 49 ©0 9.93916 
Data 3DA 38 d. —_ D x. 3s 00 9.78934. 
Required A. A t.co. Eaſt 61 51 Norly 9,72850 


For the Angle of Poſition at B. 


d. m. : 
B D 494d 0O'Y. t.co. DA - , 38 00 0.10719 
ver SDA 38 d. 00 oh DB 49 OO 957777 
:CRequired B. t:eo, :B 'South 46 00 Welily 9.98496 


: he like may be done for any other Queſtion of this nature, wherc 
none of the Sides or Angles are above go deg. but you mays work this 
in another-Triaoglefrom.che Rom thus:. 


Mb 


aI<. 404 - 


"th the flowing Tan A B D. 


” B repreſent the North Pole, A the place under the Equinodtial, 
the-place that is in the Latitude of 49 oege oo/, then'is AB 
ov hg; oo AQ 5 Ig 


*1it Þ - %p 


"_ Z 2 + ub 


% 
Co 
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B D is the Complement. of the Latitude of the place at D © 
49 deg. 00'. | 28 "y 


B 


A. 


. 


D A is theneareſt diſtance between the two places in a great Circe, 
B DA is the Angle of Poſition from the Northermoſt place, 
DAB the Angle of Poſition from the place under the EquinoRial. 
And theſe are the parts of this Triangle, 


Now in this Caſe we have given, 


a n 
D B the Complement of the Northermoſt Latitude 41 00 
D BA the difference of Longitude TR 38 oo 
And the fide AB is a right fide or 90 00 


Firſt then, for BD A, or BDR, its Complement to 180deg, 


5. co, B D-| Radixs, is=to 8. co. B 4 t, co, BDA. 
284 EL 


t. C0, 38 00 ABD 0.10719 
F. C0, Al OO BD 9.87771 
$. C0. 46 ” B DR | 9.98496 Ts 


Great Circle $ ailing, 


For the Angle of Poſition at A. 


DB 4142. 00 
par DBA 20F 0 Bee = A+t. co, BD. 


Required A. 
d. 
Fe B 38 
t.coo BD 41 
t.co A 61 


Ms 
aſe) 9.78934 
oſs) C0. are 99391 6 
$I 9.72850 


Laſtly, for the neareſt diflance D A. 


DB 414. oo 
Data. hh 38 4. 00 2, w. DA + Rad. is =tO FS. C0. «+6 BD. 


Required D A. 
Ny 
Fs 38 o0 9.89653 
[ B'D 41 OO 9.81694. 
5.co. DA 53S $52 9.71347. 


Thus the neareſt diſtance of theſe places is 58 deg. 52/. 


And this you ſee every way agrees with the former Example of the 


_ Tight angled Triangle. 


355 
Thus the Courſe at firſt ſetting out from D, is BDR = to A DO 
- South 46 deg. 00' Wenenly- 
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CASE 9. 


Two places being known, the one to be under the Equinoflial, ty 
other in any Latitude given, "4nd the neareſt diſtance of theſe 
places: being, alſo known ; to find the difference of Longitude 

the dire Poſition of the firſt to the ſecond, and of the ſecud 
from the firſt. 


Suppoſe the places to be the ſame as before, and fo the ſame Fi- 
gures may ſerve for their demonſiration 3 and let there be given in 


The right angled Triangle A D B, 


d. m. 
The neareſt diſtance between the places BA 58 52 0or 3532 miks 
The difference of Latitude between them DB 49 - ©0 


Firſt, for the Angle of Poſition at B. 


b: C0s B+ Radius, is — (0) fk. B D tt f. C0s BA. 
1 ; 


| . mM. 
BA 7. co. 53. 52 9.78106 
Cc crci vs mw: 10.0608; 
B 5v.o. 45 ©0O | 9.84189 


Secondly, for the Angle at A. 
. BD Radius, is = tos. BA 5. A. 


d. mM. 
BA - 58 52 &Y. C0 ar 0.06754 
DB 29 00-6 9.87771 
A 61 51-66: 9.94531 


Thirdly 


Great Circh Sailing. 


Thirdly, for the difference of Longitude DA. 


1.co. BA ob Radits, is =to 5.c0. AD + vx. co. DB. 


7 IE. 
wer BD- 40-00: av. 0.18305 
rc BA 58 52 "971351 
5.co. DA Js ole | 9.89656 


The ſame might be done in the Triangle A BD, which hath the 
ide BA 90 deg, tor in it you have given, 


* mM. 
wy Complement of the Latitude of the Rn 41 00 
DA the neareſt diſtance of the places in a great Cir- jo "8 

5H 59 52 


| Bifides the fide A B, which is ' 90 ©0 


 Whereby you may find the other things required, with the fame 
aſe as you reſolved the Triangle open another demand i in the Caſc be- 
fore this. 


This may ſuffice for the Caſes of Great Circle Sailing which though 
it may be varied 60 fevcral ways in a Triangle, yet all will fall under 
one of theſe Caſes. 


®, 


POSTSCRIPT 


Concerning the Longitude. 


how much it differs from the Meridian you let from, it's meet 

that you have Tables of the Suns Place and: Right Aſcenſng 
calculated in Degrees, Minutes, and Seconds 3 and 1 had thouphtsto 
have.done it, and placed them here: but confidering they will (wel | 
the Book to a greater Volume, and how calic *tis to tind them, and 
indeed how fatisfaQtory to the perſon concerned, | inave thoughtgood Þþ 
to ſhew two or three Examples of finding thea 3 and fo the timeof 
Night, by obſerving the Altitude of ſome known Stars, I conkels,[ 
{hewed how to find them before, but have not done any Examples to 
that exaQnels, as in this caſe is requiſite, ( nor had 1 ſhewed how to 
tind the time of Night, ) I count *tis but fitcle more labour to find 
the Suns Right Aſcenſion and Place, than to do the other part of the 
Queſtion, which is to find the time of the Night by them. And this | 
do inſtead of Tables, which do not laſt always, nor are they in every 
Book 3 and where they are, they be not calculated any nearer than toa 

- minute of Time for the moi part. | | 


2. 


\ OR the finding the Longitude of the place where you ar, and | 


QUEST: r. 


Tn this Exam- ; E "I th 
Ne the Bat Admit the 10th day of. April 1685, [w 


Right Aſcen- the Suns true Place and Right Aſcenſun, aljo the 
fon is i, time of the Night exafly, that T obſerve tht tb 
rp wag titude of the Lions Tail to be 50.deg. 20M 


riſing, provided 1 be in the Latit. of 49 d. 10. 


Look in the Tables, and find the Suns Declination the ; 11 deg 4 
firſt of April, is Northcily The 


DE 


A Poſtſcript concerning Longitude. 9&9 
The Right Aſcenſion of the Lions Tail is 172 deg. 58 
The Declination of the Lions Tail js Northerly - 16 deg. 28 


Firſt then, for the Suns Place and Right Aſcenſion, in the Triangle A BC, 
* right angled at B | | 


TR Is d. m. 
I have given thc Suns greateſt Declination BA C 23-30 
The Suns pre{ent Declination B C II 49 
To find BAand AC, the Suns Right Aſcenſion and Place. 
Th 
And firſt, for bis Right Aſcenſion A B. 
'. BA +Radin, is=to t. co, At, BC. 
| &. he | 

t.co. BAG 23.30 10.36169 

t, BC IT 49 9.32059 

f, BA- 28 45 9.68228 


The Suns Right Aſcenſion is 28 deg. 45”, or 1 ho. 55/.] 
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For the Suns Place. 
de ts . 
$:BAL 23-30 C0. Ars 0.29920 
BU II 49 9.21128 
1A 30 54 9.71058 


The Suns Place is 3o deg. 54. 


For this occaſion, it's no great matter. whether you bad found the 
Suns Place or no, for we (hall not uſe it : However, you ſee it's pon 


done. 
For the Stars hour ſhort from the Meridian * DR, 
| have given in the Triangle *X DR, 
dm 
The fide X D the Complement of the Stars Declination = 73 » 
The Complement of the Latitude R D | 49 5o 
The Complement of the Stars height * R 39 40 
 Andit's required to find R D F, | 
Oe d, mM 
Half the fide R * is 19 50 
Half the difference of the ſides DR and Dis 1 51 
Sum 3I A 


Remainder 07 59 


| | d. m. | 

uw DR 49 | JO \- C0. ale 0.11680 
s DX 0 43-33: C0.4re 0.01919) 
s. The Sum 3I 41 9.720344 
5. The Remainder 07 -*39.-.- 9.142655 

de: 8 | 1899199 
The half of X DR 16 23 9.49bgp 

2 


The Angle XKDRis 36 46 Ther 
So much is the Star ſhort of being upon the Meridian. ; 
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Therefore for the time of Night that the Star comes upon the Me- 


dian,  - 
| | RE TR I 
The Right Aſcenſion of the Star is :."ir RY" FG 
The Right Aſcenſion of the Sun is found to be _ 028. 45 
The time in degrees that the Star comes after Noon upon ( Y © RR 
the Meridian, is Dt lO | 13 
| 2 ITE. 
Which converted into time, is the real time after Noon FANEg” 52 


that the Star comes upon the Meridian, | 
Fo that it ſeems the Lions Tail will be upon the Meridian at ten of the 
_ clock 16' 52", PO AE ax aaa a | 

Laftly, to find the time of Night that I obſerved at. 
2 =_ 

We have found that the Star comes upon the Meridian®t 10 16 52 
And we have found that when we obſerved, the Stars 

Angle of its hour from the Meridian of South, wah 02 27 04 

36 deg. 46' {hortof the Meridian, 

Therefore if we ſubftra& it (converted into time) from that, 

The remainder is:the true hour, and minute, and ſe- 


cond of the Night we obſerved at, which is © 8 07 49 458 


QUEST 2. 
bg Tg Admit the 5th day of NovEmber 1685, 7 would 
Right Aſcenſſ- know the Suns Place and Right Aſcenſion, alſo the 
© ve time of Night exattly that I obſerve the Lions 
s.  .* Tail whenhe :qodep. 00 min. high; provided 
- h I tein the Latitude of 5 odeg. oo min. North 
2 Latitude, aud the Star be riſing. | 


j 
$ Look in the Table and find the Suns Declination is} -\ 6 7.3 \, ; 
| Southerly | 3: in: x @, 38 deþ:45 

The Right Afcenhion of the Lions Tail, as before, is | 172 deg. 5V 
F The Declination of the Lions Tail is hn £ 16 deg. 28' 


+ A3za Firſt, 
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* Firſt then, for the D uns Place and Right Aſcenſion. 

© ( The Suns greateſt Declination BAD 234. 3o'} 
\ 2.0 | | : 10.3616y 
Data. The Suns preſent Declination BD 184, 45/ x. 953078 
The Suns Right Aſcenſion AB required, is e AS 


(© 31 deg. 19 from = 5. Iggy 
il BAD s. 23 deg. 30' coar. g 

| D | 9439930 
| | Data. _ fs OT Oey 
| | | DA 2. deg. 43": the Suns place required, 9.9069 
| _As 1 faid (.in'the Queſtion before }; there was. no neceſlity of finds 


ing the Suns Place in the Ecliptick, becauſe. in this caſe we dont of 
it > but 1 found it to make that Example of finding the Suns Plc 
and Right Aſcenſion the more plain. 


4 On Yr nn ng rn eee gy oe 
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Again, To find the Stars bour ſtiort of the Meridian. 
F have given in the Triangle * E I the Complement of the Stas 


Declination, 

ad, ok 73.46. 37, 
IE the Complement of the Latitude -  qodg.00 
The Complement of the Stars height X E 50 deg. O0' 


Andit's required to find X LE the hours and minutes that the Stu 
bs ſhort of the Meridia". Lal 


Half the fide E K'is - 
- Half the difference of the ſides I # and I E is 


Subſtract the Suns Right Aſcenſion from the Right Aſcenſion of 
the'Star, which Tcannot do here, becauſe the Suns Right Aſcenſion is 
more than the Starsz and therefore to ſupply that defe&, adde 369. 
deprees ( which is 24 hours ) to the Right Aſcenſion of the Star, and 
then do it 3 and the remainder converted into time, is the time after 


Half X LE, is 


i 
fo 
ly 
ly 


LE. 
1 * 


. Sum 
, Remainder 


Doubled, is 


& ©: 0s 
40 OO 
£32 
41 46 
OS 14 
23 deg. 10' 
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Sum 


Remainder 


C0, are 
C0, airs 


45 deg. 2o' *IE, 
The time in degrees and minutes that the Star wants'of being upon 


25 deg. o0' 
I6 deg. 46' 


41 deg, 46 


263 


o8 deg. 14 


0.1919 
0.0181 
9.8235 

9.1559 


19.1594 
953947 


the Meridian ; which converted into time, is 3 ho. 5' 20'!. 


' Noon of the Stars coming upon the Meridian, 


The Right Aſcenſion of the Sun we found to be 51 deg. 19/ from 
®, which isatA. Now from T' to S is go deg. and from S to ® is 
more ( that's 180 deg. and this 51 deg. 19' more: ) fothat 1 


90 de 


ade 


to” 


The Stars Right Aſcenſion is 


To which I adde 


= And it makes 


Now for the time of Night that this Star comes upon the Meridian. 


172 deg. 58 
360 deg. 00' 


532 deg. 50 


e Suns Right Aſcenſion that we found - 


And that ſam is the Suns Right Aſcenſion required 


* 


Aaa 2 


 51.deg. 19 
150 deg. 00! 


231 deg. 19 
Now 


364 A Potiſcript concerning Longitude. 
Now then, 


From the Right Aſcenſion of the Star (with 360 deg. added) " aj 
Subſira@ the Suns Right Aſcenſion 231 19 


—  — 


| The remainder is 3or 39 


Which converted into time, is 20 ho. 06' 36”, which is the tine 
after 12 of the Clock that this Star comes upon the Meridian, which is 
at 8 a Clock &' 36” in the Morning. | 


Lofty, for the time of Night that Ttook my Obſervation, 


; op I 
From the time of the Stars coming upon the Meridian 8 06 36 
L {ubſira& the time. the Star was ſhort of the Meridian 
when I obſerved | 7 THIER c 7.9.9.7 


| —— _ 


And it gives me the time in the Morning of my obſerving 5 o1 16 


Theſe things } would have every man perfe& in, they being of great 
conſequence for ſever] occalions, and eſpecially to know the Stars by : 
tor by knowing the Magnitude of a Star, and his time of coming to 
the Meridian, as alſo his Declination ( a man'cannot miſtake that. 
Star.) 

Alſo by knowing at one time when a Star comes to the Meridian, a 
man may know at other times when that Star will come upon the Me 
xidian : for the Star that will be upon the Meridian. at 8 of the Clock | 
6' 36” in the Morning, will ( fifteen days, after ) be upon the Me- 
ridian at near 7 ho. 6' 36”, and fiftecn days after that, again at 63 
Clock 6' 36”, and: fifteen days after that ( which is fortyFive dap 
from the firſt ) 5 a Clock 6' 36”, and fifteen days after at: 44 Clock 
6' 36", &7. (Tay near upon the Meridian at theſe times ) methioks 
my Fraternity might know the Starsa great deal better than they 8&; 
nerally 'do, ( Mariners I mean ) and more of them chan they. do,/! 
they would give but heed, to theſe cafie ways which I here pit 
{cribe. | , 
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| confcls the occaſion of handling this matter ſo fully here ( eſpe 
cially for finding the time of Night by obſerving the Altitude of a 


known Star at any time ) is in order to the continual occafion we have 
for it. when we take our Obſervations for the Longitude. 


QUEST. 3. 


Imagine there was a Star that was falling, and before he ſet 1 
obſerved his Altitude to be as in the caſe before (when he was 
40 deg. 00 min. high), and ſuppoſe it to be the. ſame day of 
the month ( namely, the 5th of Novernber 1685, and let 
the Declination of the Star be 16deg, 28 min. Northerly, as 
this was; I demand the time of Night that T obſerved ( pro-. 
vided I be in the Latitude of 50deg. oo min. ) and the 
time of this Stars coming to the Meridian ( provided that bis- 
Right Aſcenſion be 108 deg, oQ min. ) 


]N the former Scheme, we may imagine the Triangle *X E 1 to be 
| to the Weſtward of the Meridian of South, juſt as in that Queſtion 
itfalls to the Eaſtwards 3 and fo we have the ſame things given in it 
| tofind the time of the Stars being paſt the Meridian, namely the three 
fides to find the Angle #1E, which muſt come to the ſame it was 
there | 46 deg. 20 
er in time | | .--:+3Þ0..J* 20” 
$1 conclude the Star was upon the Meridian fo long (inc. 


\ 


Next, for-the time of the Stars coming upon the Meridian. 


x j1 [7 A. 1 H 
I adde360:deg. to the Stars Right Aſcenſion in the Que-y 
ſtion, '( becauſe I cannot take the Suns Right Aker 108 00 00 
on from it ) J 
Ard it makes 468 ©0. 00 
From which/l ſubſira&t the Right Aſcenſion of the Sun 231 19 00 
kadthe remainder is the time of the Stars coming upon 
the Meridian after Noon | Rb | 
Which converted into time;' is 15 ho. 46' 44”; 
Which being calculated, is at 3 a clock 46' 44” in the:morning. 
Laftly,. 


239. 4I. CO 
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a, Laſtly, for the time I obſerved. 


| | h. / ff 
I conſider it was. as I have found it here <6 
after the Star was upon the Meridian : 'E PI. .<0 
So that if 1 adde it to the time of the'Stars p 
coming to the Meridian Ras Ph. 7, F 7 IF p 
It oo e exact time I obſerved, as: 6 5304 inichi X 


The like for any other of this nature. As I ſaid before, I would with 


every. one to.'praQiſe theſe things 3 for they be very n c 
them that uſe the Sca to know. y necellary for 


[Wh WY 


ma 


Of the V ariation of the Compaſs. | 


Wave noted before in this Book, that the Variation of the Conpuſ 

the difference between the Magnetical Riſing or enlik Fae 
KM Sun, and his tre'Riſing and Setting 3 or between his true 4, 
muth, and his Magnetical Azimuth ;, for ſo much as the Compaſs varies; 
from that, ſo much the Compaſs is falſe, and it*s called the Varia 
of the Compaſs. Now for the Cauſes of this Variation, ſome. haye; 
undertaken to give Reaſons 3 but their Philoſophical account, is pot 
arrived to any perfeQion of belief, nor doth it agree with that qu» 
lity, 

I remember when I went to the Weſt Iſle, I took all the notice! 
could of the Variation of the Compaſs, and found little alteration from 
what itis in England, till I came into ( as I remember ) 72 deg, (0 
thereabouts) and then I had 22 deg. Variation, all at once, (asit )' | 
and it continued fo that whole Voyage, till I came to trols thatlatt 
tude again 3 and then I loſt it after the ſame manner that I foundi, 
{ ſuddenly.) 1 do ſuppoſe that this Variation is ſo along the fide d 
the le: for at New-found-land.the: Variation alters. after the lan 
manner ( as I have cregibly been informed-) which makes me tht) 
it is cauſed by ſomething on the Earth and, Sea but I think'ew1 
body had better employ. their time and wit to calculate-it truly; (ka 
to inquire the cauſe of ſo hidden a Secret : 'and' therefore wellfw'” 
that next, and ſhew how it's to be done by the Azimuth Compoſþ " 


—_ 


— 


Kor —R——— 


The Deſcription and Uſe of the Azimuth Compaſs. 


W in it touched with the Load-ſtone (as our common Mariners 

M. Gompals is) but upon the Card is no more points drawn but 
the Eaſtand Weſt, North and South, ( and to diſtinguiſh them ) upon 
the North point is a Flower de Luce; alſo within upon the Box is 
run down Lines that anſwer theſe points 3 when the Flower de Luce 
points to one of them, the other three points muſt ſuccelhively point at 
thereſt 3 above, under the Glaſs, is alſo Threads cut at Right-Angles 
to. theſe Lines that run down.the fides of the Box, that'fo from them 
you. more exactly diſcern - the degrees that the Index cuts' from the 
North and South, Eaſt or Weſt, Now upon this Box is placed a Cir- 


| T*: Compaſs hath a Card in a round Box, with a Steel Needle 


_deof Braſs, and that hath the one half of it divided into go deg. but 
theſe degrees are numbred from the middle of the ſaid divifions each 


way, tO 45;deg. and them ſub-diyided into minutes by. the deagonal 
lines and Circles that you ſee there 3 the Center C theſe degrees is 
dawn from ) is on the oppoſite part of the braſs Circle, whereon the 
dex moves, whoſe edge cuts the degree and minute in time of obſer- 
nation. 


Upon the Index is a Sight of braſs which is to fall down or ſet up at 


 pleafure, Now from the top of this braſs Sight is a Thread that 


comes down to the middle of the Index, and that {hews the ſhadow of 


; theSun upon a Line on the middle of the ſame. | 


This Compaſs being compleated, hangs in a ſquare Box of Wenſcote. 


being well faſtened there with braſs Pins. 


The Uſe of the Azimuth Compaſs. 


Wi" I firſt ſee one (Ye Uſe of them is-ſo plain and eaſe ) that: 
þ I obſerved with it immediately 3 for indeed it naturally pre- 
ſents you with its own uſe. - But however, I'll ſay ſomething to it : 
Be ſure to reRtifie the Circle of braſs, by the Needle or Card within 
the Box, according to the quality of your Obſervation 3 for if the Sun 
to the Ealtwards, put the Center of the Index over the Welt point 
a the Card, ſo that the four Lines on the Box that runs down to the 
tdgcof the Card within, and the Points or Lines on the Gard do con- 
| Cur. 
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cur. If the Sun be to the Weſtwards, do the like on the Fat point | 
the Card. 

' The Inftrument being thus fitted and ſet, turn the Index fo that 
ſhadow of the Thread fall into the ſlit of the Sight that ſtands ; 
it, ( and at the ſame time ) upon a ſtreight Line that is in the middle 
of the Index, and the inner edge of which cuts the degrees upg te | 
| bra(s Circle, and (o gives you the Amplitude or number of degreeithat 

the Sun is from the Eaſt ( if at his riſing ) or fromthe Weſt 4h; 
ſetting 3 or if it be when the Sun is up, it gives the degree of the Cop. 
paſs that the Sun bears from-you : fo that by that, and knowing he 
height ( which ſome body obſerves at the fame time ) you ere, 
Scheme for that purpoſe, and by it, or the Doftrine of Triangles, ( 
the true Azimuth of the Sun at that height 3 and fo much i that dif 
fers from this, fo much is the Variation, 

You may note, that when the Sun is above 45 degrees to the South 
wards or Northwards of the Ealt or Weſt, that the Index muſt be pl. | 
ced accordingly > but I think him not wiſe, who obſerves when the 

Sun is ſo high. 1 will ſay no more of that, but if you ſhould chang 
to take him ſo, remove your Index either to the North or South points | 


as you do to the Eaſt or Weſt points; your own Reaſon will ſeek. 


GUN N ERY. 


So much of that Art as is abſolutely neceſfary 
for a SEA-MAN to know. 


CHAP. I. 


Intend not in this place to treat of the Art of Gunnery in general ; 
for it would (well my Book to toq great' a' Volume ; But 1 half 
L. onety conch upon ſuch'parts thereaf as:every Sea-man (whether 
rofefſed Gunner or not ) -ought to be acquainted with, and ( in caſe 
neceſſity ?) be able to put in prattice. And therefore in the firſt 
place ( to avoid many words ) I ſhall lay before you a Table ſhewing 
the Names, Weight, -Length, &c. of ſuch Pieces of Ordnance as are 
now in Uſe. Which Table is thus to be read and underſtood : 


| As for Example : In the firſt Line of the Table, which is'a-Cinon 
/ Royal, ; * 


"Weight is $000 pound, 

Length is-12foot, © 

{ Diameter at the Boxe is 8 inches. 

4Shots weight 63 pounds 4-ounces. SUCRIHLY 57 
1'Shots diameter is 7 inches and 67 hundred parts of an inch. 
Whoſe 4 Weight of Powder for load is 26 pound. | 

{ Ladles length is 24 inches. | 

Ladles breadth is 15 inches. 

Cartridges length is 16 inches, and 4 tenth parts of an inch. | 
aries breadth is 24 inches, and one tenth part of an: M_ 
CT Incn, | 
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A General TABLE of the Names, Weights, &, 
: | Weight | Length | Diamer.{ Weiohe 
_ _ of the | ofthe | of the | of he 
—— CF Q Piece. | Piece. | Bore. | Shot 
: Pounds. |F. 10|lIh. 100|Py, ©, 
Cannon Royal. | Booo [12 ofS oo 1 
Cannon. 6800 [12 o|[7 oolgz 6| 
Demi-Cannon, 5800 [10 56 5olzy of 
{ L. Demi-Cannon. 5400 [ix $56 25150 3þ 
| Firſt Culverin. 4800 [11 ol5 5olzo | 
Second Culverin. ' 4500 [12 ofl5 25117 n 
Third Culverin. . 4000 [IT os ooſi5 4 
| Firſt Demi-Culverin. zooo [Ii oſfg 75113 4 
} Second Demi-Culverin. 2700 [Io o|[4 5olit. 6 
| Third Demi-Culyerin. 2000 | 9. $14. 35} 9." £ 
| Firſt Saker. | 1800 | 9 514. 00/8. 0 
{ Second Saker. 1500 -| 9.013. 7$| 9-4 
Third Saker. 1400 | 8) o3 505. 0 
| Firſt Minnion. . 2000 | 8. oz. 25/4. #3 
| Second Minnion. --$$0-j-7-.0.13. 00] 3 5| 
j Faulcon. . 780 1 7. : 012 -94-3: 10 
| Faulconet. 500 | 6 o©[2 -. 25] 1 10] 
| Rabinet. ZOO Ss O©[|I $50] 0 6 
Baſe. 200 | 4 o[21: 251] 0 47 
Four Dutch PIECES. © 
| A 24 Pounder. | $ooo |13 ol5- 79-124. © 
A 12 Pounder. 3000 10. of4 61112 © 
_ A 6 Pounder. 1500 | 9 ofz3 70| 6 © 
| A 3 Pounder. 750 | 7, olz. 941 3_! 
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of Pieces of Ordnance now in Uſe. 


Diamet os ap | Length | Breadth | Length | Breadth 
of the O of the jt of the | of the | of the - 
{ Shot, | Powder. | Ladle. | Ladle. | Cartrid. | Cartrid. 
In. 100. | P. Q. | In. 10 | In. 1o0|In. 10|In. 10 
7 67] 26 ©|24 Oo| 15 o|16 4|24 1 
6 70] 18 10 | 23 '5| 12 $5117 121 1 
6 23] 15-4 } 23 0-12 $1136 + 2] 19 6 
8 07 13 - 6 | 230- -0:]-28-* V4 2$---4.1:x6-:: 9 
s 28 1-9-3. 30. 4 | 10- © 113 41 86-.$-} 
| 5 4 y 73 | 15 0 | 9 :01u2--V | 15-7 
T4 79 7-44 14-9}. 7412 --2].15: 9 
4-93] 6-6] 14-0 | $ 6723; $4262 
SY 3 $18 233-61] 44282-4143 4 
4 $19 3435-9: 8. 0113: 0f12:--6 
;$ - WW 46 $1.1t--0 "STIR AR 1 
3- - 53 3 10 | 10 6 6: 3113441108 
yg 287 3-019 - » 6. $Þ0 b; 10 3 
3 10] 2 &]-9 0 1::5167-8:* 4p: 4:1 
by $4 23.04 $754 4) + þ20-:0$:9-.9 
$72: 69:5 2-8 48-& þ 4 ES: o9lo$: 52 
oO 4-- 07.4 0}.3 7-6-8 
t--.40 4; 0.66: 1-04 2 6] 7-7 $*-3 
EBRD EE» 28: 43:24 
Four Dutch PIECES. 
s $6110. $11$- 0111-01160 117-4 
C41 T..oT 019: 011% T1016 
$ 1 3 SES 01 60-0493 2108-06: 
$79 1 1:204 9 0:F.5--.$4.-$:--6:1] $9 
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The Names of ſuch infruments as a "ow Call 
'-onghr to be furniſhed with. 


| Allapar PRESET" large and Call. - to aha the _— of the 
C: Rings of Guns, and the diameters ot Shots | 


A Height-Rule for diameters of Bores. 


Braſs Heights for the nature of Shot. 


A Gunners Scale. 
A Gunners Quadrant. 
Molds to caſt Leaden-bullets 1 in of all {r ZeS. | 
Wyres and Springs for the Diſpartivg of Guns, with a Tranſom to 90. 
' up-and:down.according to the diameter of the Gun. . The: Tranſome: 
; muſt be Jongenough to-reach the Baſe-Ring from the Towh hols | 


A Plain Scale and Braſs Compaſles with Steel points. 


Other things arc ſuch as no Sea-man is unprovided of 
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"CHAP. I 
How to ſearch a' Great Gun! or Piece of Ordnance 
' that 15, to diſcover whether there be any Flaws, 
Cracks, or Honey -combs (that 35, irregularneſs ) 
in any Piece of Ordnance : Several ways, - 


The firſt way, for Flaws or Honey-combs. 


FN a clear Sun-ſhine day, with a piece of polliſhed Steel, (or for 
want of that, a Lookeng-glaſs may ſerve ) refle& the Beams of the 

| Sun into the Concave of the Piece; by which means there will be 
ſuch a clear Light within the hollow Cylinder of the Piece, that any 
Flaw or Honey-comb may be eaſily diſcovercd. Ty 


A 


£ » o * 
ey" ©, £% © 
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Another way. 


Take a Stick, which muſt be ſomewhat longer than the Concave of 
the Gzn, and making a.flit at one end. thereof, put. an end of a Candle 
well lighted, ' into. the Notch; . Then put the Stick into :the mouth of 
the Piece,,and by the light of the Candle, turning the Stick every: way, 
as you ealily put-it in or draw it out, and you ſhall pretty well diſcover 
Flaws or Honey-combe, if there be any in the Piece. 


How to diſcover Cracks. 


| Mmediately after you have diſcharged a Piece, let one be ready with 
4 a Tompkzn to clap into the month of the Piece, with a piece of Rug, 
Blanket, or a Sheepskin wrapped about the Muzzle of the Piece. Alſo. 
« the ſame time let one flop the Tozch-holez and if there be any Crack, 
| through the Metal, a vifible Smoak will appear. 


Another 
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Another way to diſcover Cracks or Flaws, 


If in ſtriking a Piece of Artillery a ſmart ſiroke with a Hamny on 
the out-fide thereof, you fhall hear a bhyoarſe ſoxnd 3 it is an evident 
that -the Piece is not ſound, . but hath Flaws, Cracks, or: Honey-combs 4 
bout it, But if after every ſtroke. with the Hammer, you hear ty 
ſound, it is an aſſured figne of a ſound Gun. OT Wes | 


» 


__ CHAP. IV. | 
How to find whether a Piece of Ordnance be tuh | 


Bored or. n0t. 


| by about 8 or 10 inches 3 at the end of which Staff faſienſych 
a Rammer-head ( or rather a Piece of Wood turned on pure 
_ poſe ) as ſhall juſtly fill the Concave-Cylinder under the Touct-hole; 
yet not to go in Riff, but eaſily, Then take another round piece «f 
Wood-made equal to the concavity of the Mwzzle of the Piece in the 
center-whereof make a hole, that the long Staff may go through, and 
fix this round piece of Wood upon the Staff, in that part that reaches 
to the Pieces mouth, then at-the-end of the Staff, which is withoutthe 
Piece, make a ſmall hole acroſs, through the-middle of the Stath, to 
faſten therein a ſmall Rod of Iron about 14 or 15 inches long at the 
end of which Iron Rod, fix a Bxllet of about 7 or 8 pou weight: 
And fo is your Infirument fitted, 

This Inſtrument thus prepared, put the Rammer-head into the Mu 
of the Piece, home to the end, and chen put the round piece of 
into the Mouth of the Piece, and then ( the Concave of the Piece i 
ing-levcl.in the. Carriage ) the Bullet at the end of the Staff will? 
both the Rammer-head and the rownd piece of Wood in a. ſetled poli 
Then take your Priming-Iron and put it in at the Toxch-bole, and 0 
a. mark with it upon the Rammer-head : This done, draw out thc I 
ſtrument, and lay the Rammer-bead and round piece of Wood up a long 

and level Table, the cnd of the Staff where the Bullet hangs, bein} 
of the Table, fo ſhall the weight of the Bullet cauſe the Rawnr art 


Drs a Pike-ftaff;Jonger than the hollow Cylinder of the Gun, | 
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and rovnd piece of ood to lie in the ſame poſition upon the Table, as 
they did when they were in the Cylinder of the Gan... 

The Inſtrument lying ſill upon: the Table, obſerve whether the mark, 
you made upon the Rammer-head, when it was in the Piece, be juſt on 
the uppermotli part of the ſame; as it now lies on the Table 3 if it be, 
che Boar of the Piece licth netther to the right nor left hand 3 but if 
you find the mark not to be at the top, but inclining either tothe 
right or left hand; ſo much doth the Bore of-the- Piece lie to the right 
or left hand: And therefore in Shooting, the Piece muſi be charged 
and ordered according]y. - 

By - what hath been here delivered, you may find whether the-Bore 

incline to the right or left hand. But to know whether it lie upwards 
ordownwards, and not in the middle, that way is not ſufficient 3 therc- 
fore, to find that, take the DireRions following. | 

Take a piece of fireight Wire, and bend it a little at one end, about 
a quarter of an inch or leſs, that it may catch at the Meta! when you - 
take it out at the Towch-hole, Your Wyre being prepared, put it in at 
the:Toxch-bole, till it touch the Metal in the - bottom of the Chamber, 

and make a. mark upon the Wyre, juſt even with the ſaid- Toxch-hole 5 - 

then draw up the Fre till the Hook catch at the Metal at the top of | 
the Chamber, and there make a mark as before: The diſtance of theſe 
two merks, is the juſt diameter of the Chamber 3 and thediftance be- 
tween the firſt mark and the end of the IFyre, ( half the diameter of 
the Chamber being taken out of it ) will be half-the diameter of the 

Piece. at the Towcb-hole, if the Piece be truely bored : But if this num- 
ber be greater than half. the diameter of the Piece, then the Bore lieth too + | 

far from the Toxch-hole, and the. upper part of the Metal is the thickeſt; - 

but if the number be Jeſſer than half.che diameter, the mnder part of the - 

. Neal is the thickeſt. - 


EXAMPLE.- 


We will ſuppoſe the diameter thereto be 12 inches ; then by my 
= T find the diameter of the Bore to be-4 inches, and to- the-bottom 
the Metal 7 inches and a half: - The half of the diameter of the Bore 
ls 2 inches, which being ſubGraRted from 7 inches, leaves 5 inches and 
a half; which is lefs than half the diameter of the Piece at the Toxch- 
bole, by half an inch 3 and therefore the greateft part of the Metal is in 
the bottom ( or under the Bore ) of the Piece : Wherefore the danger 
of the Pieces breaking is above. | 
CHAP. 
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CHAP. V. 
How to find the length of the Diſpart, belonging toay 
true Bored Piece of Ordnance. ,., _ 


more artihcial than others : I will give you an account of ſee 

ral of them, and give the induftrious Gzmer leave to mak: 
choice of that which may beſt ſuit with the time and place where he 
hath occaſion to make uſe of it. > 22K FD 


þ*: the cffeQing of this, there are ſeveral ways,of which ſomear 


- Oze way. 


Gitt the Piete round about the Baſe-Ring, and alſo about the, 
zJe-Ring, ſeverally, with a String, ( or rather with a' piece of Toyo | 
narrow Ribond, which will not ſtretch. ) Find or mtaſure the kg 
of theſe two Girts ſeverally vpon* ſome Scale of equal parts, { a0 
Inches, and 100 parts of an inch ) then divide cach of theſe Git it- 
to 22 equal parts, and with your Compaſſes take 7 of them; fo full 
7 of the greater Girt be equal to the diameter of the Gun at the Biſe 
King 3, and 7. parts of 22 of the leſfer Girt, ſhall be the diameter of 
the Piece at the Muzzle-Ring : Then' with your Compaſſes meaſttre 
the lengths of cach of thefe Diameters, in inches and hundred parts of 
an inch 3 and Tubftra& the tfler'of them from the greater, and all 
of the remainder ſhall be the length of the Diſpart belonging to thit 


Pzece, 
EXAMPLE. 


Coming to.a Gun whoſe Difpart 1 would know 3. firſt, 1 girtil 
Baſe-Ring, and find it to be 42 inches about: z then I girt the Mir 
zle-Ring, and#find-that to be 31 inches about 3 then dividing. ti 
length of the greater. Girt 42, into 22 equal parts, I find 7 of then 
contain13-inches, and 37: hundred parts of an-inch, ( which is abot 
"a. /quarter cf an ind. ) Set this'number by-z for it is the leagth 
the diameter of the Baſe-Ring, Then divide the length of the 
- Girt 31, into 22 equal parts, and 7 of them will contain 9 inch65, ; p 
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$5 hundred parts of an inch, ( which is above three quarters of an * 
inch.) Sect this number by allo, for it is the length of the diameter 
of the Muzzle-Ring, and ſubſiract it from the former, and the remain- 
der ( or difference ) will be 4 inches 50 hundred parts of an inch 
(which is 3 inches and a half 3 ) the half of which is 1. 75 3' that is, . 
1 inch, and 75 hundred parts of an inch, which is x inch and 3 quar- 
ters ; for the true length of the Dipart for ſuch a Gun, whole Girt at 
the Buſe-Ring 15 42 inches, and at the Muzzle-Ring 31 inches 

This is' a good way to Diſpart any Gun but-it is very tedious, and 
requires great care in the performance., Wherefore take 


A ſecond way to Diſpart any Gun. 


' Take two (mall Sticky, (each of them maſt be longer than the 4i- 
ameter of the Baſe-RKing of the Piece you would diſpart 3 ) lay one of 
theſe Sticks ( the midale of it ) upon the upper-part of the Baſe- 
Ring, ( {quarewile croſs the Piece ) and fixing it (or cauſing one to 
bold it faſt ) there, having in readineſs a fine Thread and Plumme, 
hold it up by the fide of the Stick, moving it along till the String do 
juſtly touch the Baſe-Ring on one ide of the Piece, and when it doth 
ſo, make a ſmall mark upon the Stick 3 then take your Thread and 
Plummet, and go to the other {ide of your Gun, and hold it up as be- 
fore, till the Thread touch the other ſide of the Baſe-Ringz and when 
it doth ſo, make another mark on the Stick: Then out the Stick off 
( ſquare-wiſe ) at theſe two marks, for the length of it is equal to the 
diameter of. the Baſe-Ring of the Piece, Do the hike ( with your other 
Stick) at the Myzzle- Ring 3 and laying theſe two Sticks together, you 
, thall find the difference of their lepgths ; and half char difference is the 
true Diſpart for that Piece. | 

This alſo is a good way, but it muſt be neatly handled 3 otherways 
you may run into a great Errour, 


A third way to Diſpart any Piece. 


 Ifthe Piece be not Chamber: bored, take your Priming- Tron, or a ſtrcight 
{mall Stick or Wyre, and put it down into the Touch-hole, until it top at 
the Metal under the Tozch-bole in the bottom and upon the Sick or 
Wyre, make a mark level with the top of the Baſe- Ring 3 apply the 
ſame Stick or Wyre to the bottom of the Metal at the Month of the 
Piece: And ſo much higher as the mark at the Baſe-Ring was, more 

than this at the Muzzle-Ring.that difference is the true Diſpart. 
| C.6.6 CHAP. 
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CHAP. VI. 


Conſt fiſting of ſeveral Queſtions, which every Gumer 
- ought 10 be perfe& in, and ſo able to reſolve they 


upon any demand. 


QUEST. 1. 


The Diameter and Weight of a Shot being given, to ful the 
Weight of any other Shot of the ſame Metal, and of any other 
Dzrameter. . 


Examp. Thave an Iron-Shot which is four inches diameter, aud it wi rhe 
8 pound 3 I have another Shot of Iron whoſe diameter j js s inches ; 1 
demand what is the weighs thereof ? 


The Analogie or Proportion. 
As the Gube of the Diameter of the given Bullet, 
Is to his Weight ; 
So is the Cube of the other Bullets Diameter, 
To his Weight. 


| "ho the doing this, cube both tis Diaineters, and the hogs { 
both plain and eaſe : for, 


As the Cube of the Diameter of the given Shot, 
Is to the weight of the ſame 5 
So is the Cube of theDiameter of the Shot whoſe weight is wow, 


To his weight. 
4 inches 8 inches 
" TR 8. 
16 | . 64 
4 - S 
_ - 64 cubs ' 512 cube 
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If 64 ( the Cube of the Shot given ) weigh 9 pound, what ſhall the 
Shot weigh, whoſe Cube of Diameter is 512 ? 


Xt 
64 9 512 42 (0 
| | 9 4698 (72 
OD — 644 
Facit 72 pound 4608 & 
"QUEST. 2. 


The Weight and Diameter of a Shot given, to-find the Diameter 
of another Shot by his weight given, they both being of one 
Metal. 


Examp. Admit a Shot be 27 1. and bis Diameter be 6 inches > what (hall 
a Shat of 64 1. have for his Diameter ? 


Rtra& the-Cube-root of 64, and its 43 and the Analogie is as 
here following. | 


.. As the Root of 27, which is 3, — $ 4. 
Is to the Diameter 6; F 6 
Sois the Root of 64, which is 4; 2 
To the Diameter required. : F acit g inches diameter. 
QUEST. 3. 


Having the Content and Diameter of a Shot given, to find the 
Content or Weight of any other Shot, whoſe Diameter u given, 


Examp. Admit I have a Shot whoſe Diameter is 4 inches ;, and his weight 
is 101, 12 oun. I demand the Content of that Shot that is 6 inches 
diameter 2 


Ote, 4 inches + is 4, 35. 3+ and becauſe the firſt and third num- 
| ber is both to be reduced to one denomination, before it can be 
wrought by the Rule of Proportion 3 therefore the 6 inches is 6 22. 
Alſo, reduce your middle. number, which is 107. 12 own. into. ounces, 
andit is 172 ounces: Cube the Diamcters, and ſay, 


Gcc 2 X AS 


As the Gube of 4, 25, 
Is to 172 ounces 3 
So is the Cube of 6. oo, 
To the Content or Weight of the Shot required, 
And ſo working of it, you will have the Reſult in ounces, . becuf || 
the middle nutnber was reduc'd into ounces 3 which divideby 16, vj 
the Quotient is pounds, the remainder of the diviſion ounces, © 


QUEST. 4. 
The Diameter of a Shot being given, to find the Circamf; 
in the higheſt part of it. _ 


Examp. Let there be a Shot that is 6, 7%; inches Diameter, 1 lnuy | 

the Circumference ? ee 
PR The Aunalogie. a 
As 7,is to 22 3 ſois the Diameter of any Shot, to his Circumfereng, 


| Example. {4M 
'K7 22 6, 20 : 
ET LICL ; 
Me ons ba © (1 
$2, 40 FIG 
Facit 19, #2. inches 1240 
Circumference '-.: "436,40 
QUEST. 5. 


| TheC ircumference of a Shot given, to find the Diameter 
Examp. Let a Shot be 19, 48 inches about 3 I demand the Diameter? 


This is but the converſe of the former Caſe : for, 
As 22,is to 7, ſo is the Circumference of any Circle, go the Di 
meter. . Therefore, 


| 244 (1 
As 22 7 to, 48-4 2 3 
| | 7 . x4x(8 ; 
F acit 6 524. inches 13636 of £50) 119 
ef a hundred | bh 


QUEST 
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QUEST. 6. 


To find the ſuperficial Content of any C ircle or Bude: that 15 
cleft ( as it were ) in the middle. 


The General Analogie or Rule. 


As 14, is to 11 ſois the {quare of the Diameter of any Circle, to. 
the ſuperficial Content. 


QUEST. 7. 
f 7o find the ſolid Content of any round Shot, and ſo his Weight. 


The Analogie is, 


As 21, is to 11; fois the Cube of the Diameter of any Globe or 
round Bullet, to the {ollid Content of the ſame. 


Examp. Admit I have a Shot that i is 6 inches Diameter 3 1 defire to know 
his Content in inches ? 


If 21 II 216 6 
II 6 

216 2O (3 36 

216 _LPp7&#(113 6 

| : i ; — 

2376 god Diameters Cube 216 


Factt 113 5 


Next, #0 know the Weight of this Shot which we ſuppoſe to be Tron. 


Note, That one inch follid of Iron weighs 4 ounces 3 therefore pl! 
multiply the Content in inches by 4, and it gives the Content in 


ounces, 
L 113, 1 
r'? 4 
23F(4 1. | Y 
452029. Content in ounces 452, 4 
r9 6 | 


X , l, , 
Facit 2S 4 ounces, + of one ounce. 
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QUEST. 8. 
To find the ſolid Content of the Vacuity or Concave-Cyliader o © 


a Gun. 


Ake the Diameter of the Guns Bore, and find the ſuperficial Cop, 
'1- | tent of that Circle, (as I have ſhewed in ©zeſt: 6. ) then take 
the depth of the Bore, and multiply it by that ſaperticial Content, and 
you have your deſire. ( This is it the Gan be full bored, ) 


QUEST. 9g. EY 
The Weight of a Gun being given, to find the Weight of anther 


Gun that is of the ſame make, but thicker or thinner metled. | 


Tx the greateſt Diameter of the given Gun, and alſo of the un» 
.known Gun, and cube both their Diameters 3 then ſay, 


As the Cube of the Diameter of the known Gun, 
Is to his Weight 3 

So is the Cube of the Diameter of the unknown Gun, 
To his Weight required. 


QUES T. 10. 
To find the Weight of any IronGun that is ſound, without weigh 
ing him ( very near. ) | 


TY the height of the Gun at the Britch, and alſo at the Mule; 
then take his length, and find his content in inches, as though 
he-were all ſolid, This done, find the Content of the Concave, and 
ſubſtract that from the other, and note the remainder. Then find tht 
Content of the Nuts or Trunnions ( which are Cylindrical ) and git 
a competent allowance for the Rings and Britch-( without the utmol 
height ) and adde them to the remainder 3 the ſum is the Guns Cor 
tent in inches. = _ 

Now becauſe one ſolid inch of Metal is 4 ounces, multiply the Cor 
tent in inches by 4, and it gives the Content in ounces 3 and divide 
them by 16, and the Quotient is the Content in pounds 3 the remalle 
der of the Diviſion is ounces - ( becauſe 16 ounces is one pound.) 


QUEST. 
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QUEST. 17. : 
What allowances of Powder muft be given for any Gun. 


Braſs Gun'of about 4000 /. weight, you may allow three ounces 
of Powder to every 112 /.of Metal in ſervice. 

To a fortified Gun of Brafs, that's a Culverin of about 400o !. 
weight, and to uſe him in ſervice, allow about half the weight of the 
Shot for his load of Powder, becaule of his heating. 

For a Saker, four fifths of the Shots weight is his load for Action 
but for ſmaller Pieces, the whole weight of their Shot is their load ; 
but you may abate ſuitable to your diſcretion, when they are hot, ac- 

cording to the ſtrength and goodnels of the Powder. | 


({ Note, Three quarters as much Powder is the load for an Tron Gun, as-is 
for a Gun of the ſame nature of Braſs. 


Toa Demi-Cannon, the Tower allows 5 ouncesand half of Powder 
to every-112 7. of Metal,if the Gun be a fortified Piece of about 4400; 
_ {carce 4 ounces to every 112 7. of Metal ( if the Gun be 

rals.) | 

 Demi-Cannon Drake, of about 3800 /. weight of Iron, allow in ſer- 
vice 3 ounces to 112 1. of Metal. 

Demi-Culverin Braſs, of 3300 /. in ſervice, allow 3 ounces to every 
1121, of Metal. BF 

Twelve Pounders of Braſs, fortified, 3200 weight, 3 ounces and. 
half to every 112 . of Metal. 


rr IT PA 


CHAP. VI.. 
Of FIRE-WORKS. 


How to fit a Granado-ſhell for Execution. 


| [ the Orifice of the Shell put in a piece of wood that hath a hole 
. through it, and in that hole pat your Fuſe, ſo that it may joyn to the 
oder which before is put into the Shell, ( at the hole the Stick or 
Fuſe 


Fuſe is-put inat3 ) Set this Stick well into the Shell that jt May hy 
{ure to each the Powder, and let the top be broad and hollow to en. 
tertain the Fuſe. Men do commonly fill the void place with Srownd 
Powder, which muſt be moiſtened wich Gum-water or diffolved Gly 
that it may joyn the better. I ſuppoſe your own ingenuity will direg 
you how to corypole the Fuſes, and therefore 1 omit writing of it, | 

but fill the Concave with Powder the ſ{tzongelt. 


To make Stink-Balls. 


"TAke Powder 10 ]. of Ship-Pitch 6 /. of Tar 20. Sal Peta $1 
I Sulphur Califonia 4 7. Melt theſe. by a ſoft heat-together; ang | 
' being well melted, put 2 /. of Cole-dult, of the Filings of Horſes 
Hoofs'6 1, Afſa Feetita. 3 /, Sagapenem 1 !. Spatula Fertida half a 
pound : Incorporate them well together, and put into this matter Lin. 
.nen or Woollen-Cloath, or Hemp or Toe, as much as will drink 
all the matter : and of theſe make Globes or Balls of what bigneſsgoy 
pleaſe. This Globe or Ball may be made venomous or poyſonous, ifto 
the Compoſition be added theſe things following: Mercury Suplinate, 
Arſnick, Orpiment, Sinaber, &c. | 


To make Powder-Pots. 


Hey are commonly made- of black Potters Clay, or thick Clif 
T round Bottles with Ears to tye Matches lighted at both ends: | 
Fill them with dry fine Powder, and thrown upon the Deck or other- 
where, they prove often prejudicial to the Enemy, and fornetirars fir 
their own Powder-cheſis. | 


Thus much tending to a Sea-Gunner, 1 thought it might notie 
improper to this Book, becauſe Maſters Mates are ſometimes Gut | 
ners to03 and all ought to know theſe things that go to &% 
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[. Any Number under 10000 being given, to find the 
Logarithm thereof. | 


A Deſcription of the Table 'of ten Chiliaas. + 


HE Left-Hand Colume of every page contains numbers 
increaſing in their natural Order from 1 to 999, The 
other five Columes of each page contain the Logarithems of 
all Numbers from 1 to9999. The five Columes on tlic 
Left-Hand Page have at the tops of them theſe Figures 
q (larger than the reſt) ©, 1, 2, 3, 4+ Thoſe on the Right-Hand 

, | Pape, theſe, 5, 6, 7; 8, 9. And the Numbers jn the firſt Colume of 
, | cxch Page towards the Lefr-Hand, by the iypply of thoſe Figures on 
the tops of the other five Columes, will exten@thoſe Numbers to 9999; 

and ate ſo to he read. All this will beplain by the Examples following. 


_ m—_— » 
——— GR we 


Example 1. A Number confiſtins of One Figure being grven, to find . 
the Logarithme thereof. | ers 


At the top of the ten Columes of the two firſt Pages of the Tables aro 

_ the Figures 0; 1, 2, 3 4 5» 6, 7, $, 9, and the Numbers under 
themare their Zogarithms : So the Logarith. of 4 is 0.6020600; which 

| | 7 W- 13 
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2 The Uſe of the 


jc the Number ſtanding under 4, and the reſt as here is expreſled, Fiz, 


Numb. Logar. Wumb, Loger, 
1 0.0000c092 . © 5 0.698970 
Yi. Tar gy. 2... 0.ZOIDZOO J.® 0.7701 l2 
LLIS {Rl ithm of "Wh 0.4771 212 The Logar. of 718 08450 
4 0.6020600 $ 0.9030gog 


9 09542415 


rethme thercof, 


Let. it be required to find the Logarithme of 73. Look for-7 (the 
firſt Figure of the given Number ) in the firſt Colume of the firſt Pipe 
of the Table, and 3 ( the other Figure ) in the top, and againſt qinihe 
fide, and under 3.18 the top, i; this Number 1,799 3495 ;.whichisthe 
Logarithme of 73- And thus you ſhall find that,. 8 


Numb. Logar, 


; 42 © 1.6232493 
The Logarithme of. 68 is 1.8325089 
89 1:9193909 - &6, 


44 hy JO pd Jo NBIIN KV ag 9 
Ex=29712 3. 4 N #11:761 canſiſiing of three E :Cuves, I find the Lt- 
vterithme tHercef, 


ſet. it be required to find the Logarirhme of 456, Look forthe fil 
70 Figures of the given Number (Y:z.47) in the firſt Colume of tie 
"zvie, and the third Figuze ( /:z.65) at the top : And then, apainl 
47, 21d under 6, 15 thts Number 2, 6776059 ; which is-the Loparithn 
of a5. And 10, 
Nuns. Logar. 
241 2.33820 176 
The Logarnenms of b, 480 1s 2.6812412 
| | C833: -2.9232440" &c,.: 


BY UW" ©” NTT, 
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Table of Logarithms. 
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Exattple 4. A Number conſiſting of four Places, being given, to fina 
che Logarithee thereof. 


Letthe Logarirhme of 5683 be required. Look for the three firſt 
Figures, (Vx. 558 ) tn the fhrſt Colame of the Tables, ind the lat Fi- 


' pure (Yix. 3) acthetop : And then againſt 568 ( intheſame line | 


and under 3 you ſhall find this Number, 3.7545777, which is the Zo- 
garithme of 5683. Andfo, 


Plumb. Logar. 
23792 93751147 


| The Logarithm of 4 4070 is 3.6095944 
; *'% 


© 6904 93.8391008 &c, 


And thus much for the finding of the Zogarithme of any Number 
given, not exceeding four Places. It remains now that I ſhew you how; 


I. Any Logarithme being given, to find the 
416 / hh 
Abſolute Number thereunto belonging. 
| "i 
Ou are here to Note, That if the firſt Figure to the Left-Hind &* 


the Togarithme given { which is ſeparate from the reſt by a Pein: 
or Comma, ) | 


o | o) 

Bee © Then the Abſotate Number anſwering J2( ',, 
4 to that Logarithme, confifts of 3 P:aces 
: | / 


This by the way of Caution :, Now for Examples, 


Ps I. Let 0.8450980 be A Logarithme foven, 144 the Abjo. 
e Number anſwerin; thereunto be required. 


A a » 
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By the Rule above, the firſt Figure being o ( or a Cypher) ſigniges 
:hat the Number anſwering thereunto confiſteth hut of one Figwe 
3nd therefore will be found in the firſt. Line of the firſt two Pagesof 
the Tables ; fo looking along that line, you ſhall find this Logarithne 
ro ſtand under the Figure 7,, which 1s the Abſolute Number anſng. 
we to that Logarithme.. 


; Example 2. . Lt the Logarithme bs 1.6232493z and the Abſolye 
br Number belonging to it be required. | | 


By. the firſt Figure being 1, it appears that the Number ſought mut: 
ccnfiſt of two Figures, and conſequently will be found in the g firſtling. | 
of. the two firſt Pages of the Tables; wherefore look there for the ff 
Number, which begins with 6 after the 1, and that you ſhall findty 
ſtand againſt 4, then caſt your Eye, or carry your Finger along that 
line till-you find the given Logar:thme ; and fo doing, you ſhall find, 

your given Number to ſtand under 2,which joyned with the 4 inthe frff 
Colume, makes 42 for the abſolute Number belonging to the given Lo- 
£-:rithme, 1.6232493. And thus you may find the Number anſwering 
to auy Legaritbme of two places intheſe hrit 9 lines. Andfo, 


Logar. MNunb.. 
Lhe abſolute o this 9 1.8325089g 68 


anſwering to this- 4 1.5832764 1s 38 neareſt; 
F.ogarithme. 11.9493900 89 EC. 


Example 3. Let this Logarithme 2.387898 be given, andits Ab 
falute Number be required. | 


_ {t appears that the Number-cequired will confiſt of 3 Places ;>Whert- 
0:8 look 12 the 7able of Logarithmes, in the Colume that hath 0 at th 
op © which is the fcond Celame) till you find your Logerithie 


— 


Tables of Logarithmeg. | IRR | 
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piven \E 6f- the” neareſt thereunto being leſs ) and you ſhall find 
2.3802112 fo ſtand againft 24, then caſt'your Eye along that line till 
yol find a Logarithme nearer to your ' Logarithme given; and in the 
fame line you ſhall find your Logarithane in the Colume that hath 4. at 
thetop ; which 4 being added to the 24 in the hrit Celume, makes 244 3 
which is the Abſolute Number anſwering to the Logarithme 2.3873898. 
And ſo, © | F TY 1 q . \ : _ | : 


| Logar. * MNiunmb. 

The Abſolute Number © 2.10037053 126 

anſwering to this 2 2:4683712 is 294 neareſt. 
Logarithme. 2,8712004 743 neareſt. 


Example 4. Let this Logarithme' 33751147 be gi 


ven, ana letthe 
Abſolute Number belonging thereunto be required, ND 


It appears that the Number ſought will conſiſt of 4 Figures, therefore 
look in the. Colume that hath o at the top, till. you find. your given £o- 
 grithme ( or the neareſt 'to- it?) and you ſhall find 3.3747483 to ſtahd 
2painſt 237 ; then caſting your Eye along that line, you ſhall tind your 
given Logarithme 1n that Colume that hath 2 at the Head of it; which 
2 being, adjoyned to the 237, makes 2372 for the Abſalute Number 


a(gering to the given Logarithme 3.3751147. Andſo. _ 


ys Logar. MNumb. df» ©, 4 
The Abfolute Number © 3.85805579 T2212 
os anſwering to this- ) 3.5210860 15 3319 neareſt; | 
Logarithme, 3.2816493 1913 neareſt;© *** 


If you cannot find the .dire& Logarithme you look.for in the Table, 
jou-mult take the neareſt thereunto. As by the'Examples above you 
aay ſeeis done, * | Fi NOR ro | 


"nl - From: 


p "Tha Ute of the > ro 
From hence then ?®tis evident, that it is but the chanein is 
( or firſt Figure to the Left-Hand ) of iy Laws evan 
take the Logarithme off a Number to the ,* part, or the uy 
Tre; for here the CaratFure of 59 was 1.7708528, and the Cn 
59.0, which may be 59 4) 18 2.7708528 ; which is the fame 2; "4 
orher, excepting the Caratture, or firſt Figure towards the Left-Hand 
gr if you take 59.09, which may be 59 $8, the Logerithme anſwering 
<GcOO 1s 3.7708528. And thus you may take the Logarithme 
Number with a Fratticn annexed. : 
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Example 5. To fina the Logarithme wich a Decimal Erattion 


annexed. 


SEPA ASE SS $42; 


Admit 1 would know the exatt Logarirhme of 38 3. DIfcti 
down as a whole Number -382, and ſo look for the Logarithne ofis 
and it is 2.5820634. I ay then this is the Logaruhme to 582,01 1 
The like for any other. | af 


Example 6. To find the Logarithme of « Whole Number with 
Vulgar Fraftion annexed, | 


Ut TER OP STE A Rar Ag ak. 3; £ 
i -—_ : p. "WF "REES > "—_— & = ” -—_ , _- E" 
i 


8 Let the Number be 31 +, I defire to know the cxat L ogarithn! of 
it : I'll reduce my Whole Namber and -Fral#ion into an Improper Fraffi. 
on, by multiplying the Whole Number by 7, and it makes £*3, to wich 
I add the &, andthe Toral is 235 : This done, Si ſtrat the Logarithys 
of the Dexominator of the ſmproper Fraltion from the Logarithme of the 
Numerator of the ſame, and the Remainder is the Logarithme of the 


Whole Number and Frattion. 
_ Example. 

The Numerator —— 222 —— 2.3463539 
The Denommator —— —71 — o.845og80 _ 
The Logarithme of 314 15—— 1.5012550 


| Thus much for the Uſe of the Table of Logariehmes. 
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Sines « Tangents 


T the top of each Page of the Tables are ſet in large F:- 
gures the Number of each Degree of the Quadrant, thu:, 
1 Grad. Signifying 1 Deg. &c. going to- 45 Grad. And 
1n the firſt Co/xme to the Left-Hand, is the. Minutes from 
to 30, having M at the top, and beginning. on the next 
Page at 30, and ſodown to 6o Minutes : and fo they go forward to 
45 deg, And under every Degree, and avainſt every Minute, is marked 
Sine « S4ne, Complement : Cangent ;, and Tangent, Complement, And from: 
45 Degrees the Tables ran backwards ( with the Degrees below in lar- 
ger Figures ) to 90 deg. the Afnures upwards -having M vader theai, - 
ignifying Minutes : And under the Columes below is alto Writien, 
Tangent I Tangent, Complement - Swe © Sine, Complement... 


| | "ET 24 "EH _ A | 
Example 1. How to fiaid tne ME Or Targent of any Degree: 
and Minute. 


Look againſt the Mine of that Deiroe under Sine, and yothave 
your Detire : If your Degrees and Afinzres be under 45, look for it- 
irom-the S-ne or Tangent named at the top of-the Table, if more tlemn:. 
J &FDegrec; From the YDT Or Tangent, nEmyud ar the burton. ICY 
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The Sine of 22 deg, 20' is — 9.579777 — above. 
The Tangent 'of 22% 20 is —— 96136407, . 


If you were to take the Sine Complement Of 22" 29.,'0r the Taygy 
C omplement., take it {o-under $:7e Complement Or for a Tenn Come 
plement, under T angent Complement, . 

But if you were to take the Size or Tangent of 56" I5, Or any other 
above 45*, take it from below : ſo the Se of 56* 15 is 9.9198464, 
the Tangent of it is 10.1751074the Sine Complement of It is 9.747390, 
the Tangent Complement of it is 9,8248926- 

If you would find the Degree and Jfrnute aniwerihg to any Lys 
rithmatical Sine or Tangent, look for the neareſt to it, and againſt it 
is the Minute, and over them the Degree, if under 45' ; Or if Iitenced 
45%, you will find the Minute againſt it to the Right-Hand,and the 
Degree below, thus, ES. 


ww 


This Logarithmatical Sine = 94704548 —— 18 — 17 oy 
This Logarithmatical Tangent — 9.49028 58 —— IS —— 17 It 
, 1 


Or Below, 


This Sines Logarith —— — 9.9678763 — is —— 68 14 
This Tangents Logarith, —=— 10.3987042 — 18 — 68 14 


I have ſhewed how to take a Complement Arithmetical already, but 
icaſt you ſhould not meet with it, I have here done it, = 
"Whatſoever the: Logarithme of any Sine wants ( the ſingle Fignt® 
* onebyone) of 9, take, inſtead of the Figures themſelves ; Thus, 


\ 


- 9:9199 464. 


The Logarithme, if 56* 15 z, —— 1s 
@.0801535- 


The Complement Arithmetical —— 1s 


— 


The 


Table of Sines and Tangents 
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C Fhe like of a Sine Complements Logarithme. 


The Complement Arithmetical of a Tangent, or _- Complement, 
is the Tangent Complement of that Tangent, or the Tan gent of that 
Tangent Complement : Thus, 


The Complement Arithmetical of 4, 56, 15 is 9.841187r. 
The Compl. Arith. of Tang. Compl. 56* 15 is 10.1588128. 
The like of any other. 


To find the Arch anſwering to any Artificial Sine oy 
Tangent. 


Suppoſe I have this Artificial Sine 9.5403719, and the Arch be re- 
quired that this is the Size of. 

L look in the Colume of Sines, and find not exaQtly the ſame, but the 
neareſt greater than it is. — m=—=— —— 9.540590} 

I look 2nd find the neareſt leſſer to be ———— 9.5402489 


I Subſtraft theſe one from the other, & the dF. i5-0.0003414. 


Alſo Plt SubſtraGt the leaſt from the Sine given 9.3403719 
| 9.5403489 


Romani to ao tnny eh. = R——— 


| And the Remainder is 230- 


Ly 


Plt fay now by the Rule of Proportion: 


As the greater difference =———— 3414 
Is to the leſſer difference ———— 0230 
20 1s Go Seconds, that is 2' to a fourth Number. 
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3414) 13800 (4 Quotient. 


+ 


13656 


Bo ——_——— re" 


144 Remainder. 


Facit 11 and ſomething more. 


Then I conclude, That the 4rch anſwering to the Sine given, i; 
more than the neareſt, leſs than it ( which is 20? 18' ) by 4 Seco: 
So that the true Arch to that Szne is ( leſs than a Second} 20% 18 
4 Sec. Thelike is to be underſtoodof a Tangent, &c. 


To find the Artificial Sine or Tangent anſwering rp any 
Arch gives. eu 


Suppoſe the Arch given be 31* 10' 11 ſec. I demand the Sinran- 
{wering this Arch. | | 
_ I look in the Tables, and find the Sine anſwering to 31* io is 
9.7139349 : the Sine anſwering to 31* 11' is 9.7141437 ;- the dif- 
ference of theſe is 2088 ( for but 1' of a deg. or 60 ſes. ) I ſay then, 


As 60 ſec. is to 11 ſec. 
- 'Sois the diff. 2088 to a fourth Number, 

Which I find to be 382. : this add to the leſſer Logarithme of the 
Sine 9.7139349, and it makes 9.7139731, the S:ne anſwering tothe 
Arch 31* 20 11 ſec. 

And the Reaſon is evident; for ( as my Father Mr. Richard N# 
wood faith; ) | | | 


As the difference of any next two Logarithmes 
Is to any part of that difference | 

So is the difference of the two Numbers to which they be 
To the Proportional part of that difference, and the coniraly: 
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3 Theſe Things I promiſed (in ſeveral places of this Book: ) 
to write of ; that fo the Learner may be able to work any 
thing ( that requires ſuch exaCtneſs ) "to a Second ; 
that is, to the 60zh. part of one Mznare 
ofa Degree, or the 60zh. part of one 
Minute of Time ; or to the 
00 part of a Mile 
or Foot, &c. 
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Q | 0 9000000 | Q. 0000009: 
'+ {| 00:c070 | 0413927; 
2 | 2 30103c0-| & 3222193 
231 1-4771212 | 1 4913617. 
4 | 1 6o0o06co | 1 6127838 
e | 1 1 £989700 1 7075702 
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10 | 2 0200000 | 2 0043214 
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eI5$0103 
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Be avy IF Ald of EAiitides £9 bao rw Moy EERTHES WIR A 
{wer tg ane degree of Longines is vet P oral, 


The Canonis thus, 


As the Radius or Sine of go 
is to the Co-ſine of the Latitude, | 
$0.15 the Number of Leagues contained in one EquinoEtial De- 
gree, tothe Number of Leagues anſwering to one Degree of 
of Longitude, 1a that Latitude. ; 


| For Example, 


In the Latitude of 18 d. and 12 m. I demand how many Leagues 
Sailing in that Parallel, will alter my Longitude one Degree : 


By the Inſtrument thus, 


Slide go on the moving Sine to 71 d; 48 m. the Complement of 
the Latitude on the fixed, and look for 20, on the moving Line of 
Numbers ( which is the Number of Leagues for one.Degree on the 


| EquinoRtial ) againſt it on the fixed, is 19, and therefore every 19 


Leagues failed in that Latitude, altereth my Longitude one De- 
gree. And if you defire to know your difference of Longitude in 
Miles, look for 60, the Number of miles in one Degree of the Equi- 
noRial, on the moving Line of Numbers, againſt it on the fixed 
is 57, the Number of miles that anſwers to one Degree of Longi- 
tude 1n that Parallel. 


Leagues in that Parallel, do anſwer to one-Degree of Longitude ? 


| Side the Radius go d. on the moving Sine, to 38d. 3om. the 
| Complement of the Latitude on the fixed, then againſt 20, on the. 


moving Numbers, 1s 12 and 5o pts. on the fixed, which-is the 
Number of Leagues which will alter the Longitude one-Degree, in 
that Latitude 51d. 30m.; And if you would have it in miles, 


1 look for 60 on the moving Line, againſt it is 37, the Number of 
| nies as before, on the fixed. 
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In the Latitudevf 51.d..and 30M. If it be demanded how many 
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Jo .avy Fevald of Iaitides 10 tao Wow MAY Eee WI Av 
{wer tt ane degree of Lyignides is inpot Parallel, 


The Canon1s thus, 


As the Radius or Sine of 90 
is to the Co-ſine of the Latitude, | 
.$0.is the Number of Leagues contained in one EquinoCtial De- 
gree, tothe Number of Leagues anſwering to one Degree of 
of Longitude, 4n that Latitude. | 


For Example, 


In the Latitude of 18 d. and 12 m. I demand how many Leagues 
Sailing in that Parallel, will alter my Longitude one Degree : 


By the Inſtrument thus, 


Slide go on the moving Sine to 71 d: 48 m. the Complement of 


| the Latitude on the fixed, and look for 20, on the moving Line of 


Numbers ( which is the Number of Leagues for one.Degree on the 
EquinoRtial ) againſt it on the fixed, is 19, and therefore every 19 
Leagues failed in that Latitude, altereth my Longitude one De- 
free. And if you deſire to know your difference of Longitude in 
Miles, look for 60, the Number of miles in one Degree of the Equi- 


I noctial, on the moving Line of Numbers, againſt ic on the fixed 
1is 57, the Number of miles that anſwers to one Degree of Longi- 


tude in that Parallel. 


In the Latitudevf 5 1.d..and 30m. if it be demanded how many 
Leagues in that Parallel, do anſwer to one:Degree of Longitude ? 


| Slide the Radius go d. on the moving Sine, to 38d. 30m. the 


Complement of the Latitude on the fixed, then againſt 20, on the 
moying Numbers, is 12 and 50 pres. on the fixed, which-is the 
Number of Leagues which will alter the Longitude one-Degree, in 
that Latitude 51d. 3om.; And if you would have it in miles, 
look for 60 on the moving Line, againſt it is 37, the Number of 
Miles as before, on the fixed. 
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To find haw many Miles 4s anſwer. to many Degrees of. - E 
Longitude in any Parallel. 


Suppoſe you Sailed in the Parallel of 59d. till .you' have: altered 
your Longitude 35 d. and you would k"ow how many miles you 
have ſailed, you muſt reauce the 35 d; into miles or minutes, myl- 
tiply them by 60, they make 2100, the difference. of Longitude in 
miles. Slide the moving Sine of god. to the Sine: 40d. the Com- 
pjement of-che Latitude, and look for-2100 on the. moving Line of 
Numbers, and againſt it on the fixed, 1s 1350, and ſo many miles 
will anſwer to 35d. in that Parallel : And if you would multiply 
the 35d, by 20, the Product is 700, which look for on the moving 
Lineof Numbers ( without. altering the. Inſtxument.) againſt it, on 
the fixed, is 450, the Number of Leagues you have ſailed in thay 
Parallel: | | 

Upon any Rumb propoſed, to find how many Leagues do anſer 
to,one Degree in the meridian, or any great Circle. | 


The Canon is thus, viz, 
As the Coſfine of the Rumb from the.meridian . 
is to the Radius go. - X 
So is 20 Leagues, the meaſure of one Degree in any great Circle,; 
to the Leagues that anſwer. to one Degree on that. Rymb. . 


Example, 


Suppoſe you fail upon the 4th. Rumb from the meridian, which! 
is the point Nor-Eaſt, or Nor-Welſt ; or elſe the point South-Eaſt; 
or South-Weſt, and you. would know upon that Rumb, how many, 
Leagues do, anſwer to. one. Degree. of the. meridian, Or alter the» 
Latitude one Degree. | | 

Slide 45, the Coſine of the Rumb., from the-meridian to the Ra- 
djus or ſine af 99, on the fixed, againſt 200n the moving Line of” 
Numbers, is 28 and almoſt a half in the fixed, and therefore 2b" 
Leagues and a half make one Degree, or alters the Latitude off: 
Dezeree in ſailing upon that Runb. ._ 
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I 3 is not my. BR Purpoſe i in * this. Bog) 


* FOR mam 


Encyclologium, 


£ liding Circles, 


"The Ar 'gament- 


20d) ©to: Treat of | 
all the Uſes of this Inſtrument, which:; ts fo. Untiyer-- 
| ſal, that it Anſwers and. *Reſolues all Queſtions of 
©Proportion,. Trigonomitry,: Arithmatick, - 
Gunnery, Menſuration, Square and Cube-. 
Root. ;- and alſo Gauging, that requires a more 
particular Diſcourſe :- But of-this I ſhortly intend: 
to write more largely in a Treatiſe. by it ſelf F: 


. therefore confine. my. ſelf = to- o.fo much 4s FOTO: 
to 0 Navigation. : 


PO N "he ourmoſt Edpe of this Infirement in thac Cir--- 
cle, is. a tr: ble Line of Numbers, ti:ree times repeated," 
_ beginning and. ending ar tie. Radius. 4 B, Graduated-- 
' from one to-ten, and == :Nioa hundred (and if ycu | 


pleaſe) from thence to a thouſand, endipg at the line AB, as by Te 2D 
Ba 


Figure of the Inſtrument will appear. 
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2. On the next graduated Circles is a double line of Nambers 
repeated, beginning and ending at the Radims Line A B, from one 
to teri, and ſo on to a hundred ; as in the Figure. = 

3. Onthenext graduated Circle is a ſingle line of Numbers, be: 
oinning and ending as the others, from one to ten, at the line AB. 
Theſe three outermoſt graduated Circles are fixed ; but the two 
graduated Circles next within the pricked line, are moveable. 

4. On the outer edge of theſe ſliding Circles, is another ſingle - 
line of Numbers, graduated as the laſt , and inthe Circle juſt under 
it, next to the innermoſt edge of the ſame ſliding part, is a line of 

S:nes, in two Circles from 1 to 90?, and within it is another prick- 
| < ow The next Circles within the ſecond pricked line are 
fixed. 

5. On the outermoſt edge whereof is a line of S:es of the ſame 
Radius, beginning and ending as the former. 

6. On the innermoſt edge of this fixed part is a Tangent line in 
two Circles, from a Afinute to 45 Degrees, ending at the line 

AB. .:: p TRY | 

7. The innermoſt Circles of all is another ſliding part, whereon is 
a Tangent line, beginning and ending as the former. 
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CHAP. IL 


Multiplication, &:. perform'd by this 
; Inſtrument. > 


T5 multiply 12 by 12; look on the ſingle line of Numbers on the 
fixed part for 12, where the Radius line muſt be accounted for 
one, and two of the grand Decimal Diviſions for 2, at which 1s 12,and 
againſt it in the double line of Numbers is 144 3 which is the Pro- 
duct ; and againſt that inthe treble line of Numbers Is 1728. 


Sup 
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Sliding Circles in. Arithmatick. 3 
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Suppoſe in a ſquare ſolid piece of Timber of 12 Inches, I would 


know how many Cubical Inches is contained therein ? 


I look in the ſingle line of Numbers on the fixed part for 12, and 
againſt 1t in the double is 144, and againſt that in the treble line is 
1728; which 1s the number of Cubical Inches contain'd in the Piece. 


By theſe two Examples you may multiply any Number by it {cIf, 
being equal, without moving the ſliding Circles; and alſo find the Cu- 
bical Inches of any ſolid Body : Asalſo in 


Diviſion, without moving the ſliding Parts. 


To divide 1728 by 12, look for 1728 jn the treble line of Num- 
bers,and on the ſingle line is 12 againſt it, which is the Devi/er ; & in; 
the—double line of Numbers, atid between both in the lines, is 14.3; 
and ſo many times 12 you have in 1728. And thus you may divide 
any other Numbers, 


Suppoſe the Number given were 1728 pence, and you would have- 
it in'ſhillings, divide it thus by 12 ( the number of pence in a-ſhillingY 
and _ Quotient is 144 ſhillings 3. which being computed, is 7 /,. 
45. 04. $ 

And note : That this Inſtrument is divided and graduated De- 
cimally from one to ten, and ſo to. a hundred, and thoufands ; every: 

teath 1s ſuppoſed to be divided into one hundred parts ; the ſmailett 
. Numbers are Decimals to the next greater Numbers, and the next 
greater Numbers are Decimals to the figured Numbers. 


$0 if you were to compute any Sum 11 pounds, every pound 1s 
divided into ten, or one hundred parts of a poynd; an:! if the fame 
Numberve acconnted as ſhillings, then every ſhilling 1s divided into. 
10, or 100 Parts of a ſhilling ; if the ſame Number be accounted 
pence, its 10, Or 100 parts of one penny ; and the tame of jarihigs, 
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The Golden-Rule, or Rule of Three. 


If 1 Tard of @loth coſt 45. 34. what will 80 Yard coft ? 


To work this, flide 1 on the moving line of Numbers, to 4Av2y 


prs. on the hxed line, and agalnſt 80 in the moving line will " | 


- 


340 on the fixed lines, 
Now bring it into pounds, thus, 


Slide 20, the number of ſhillings in a pound, in the moving lin: 
to one on the fixed line of Numbers, and look for 340 inthe moy- 
ing line ; againſt it, on the fixed, you have 17 which is the numb:r 
of pounds contaiwd in 349 5, 


To revert the ſame Queſtion, thus, 
If 8 Tards of Cloth coſt 17 1.or 3405s. what will 1 Tard coſt ? 


Slide 340 in the moving part, to 80 on the fixed, and againſt 1 in 
the moving line, will be 4. 25 pts. on the fixed line of Numbers; tie 
4 Is ſhillings, and the 25 is ſo many parts of 100, into which the 
ſhilling is divided; ſo you haye 3 4. and + s. before, that is, 45. 3 4: 
one yard will coſt you. 


If one pound of Tobacco coſt 4.4. 1 4. what will $0 pound colt ? 


Slide 1 on the moving line of Numbers to 4-25 on the fixed live, 
and againſt 80 on the moving line, will be 340 on the fixed 11e ; 
which is the Product in pence. = 

Note, Thar if the 80 had been 8001. then the 340 had been ſo 
many pence z if 8000, then the product of this Number would 2 


34000 4, which mgy, be brought into pounds or ſhil:ings, a8 above 13 
avglt. | 
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Sappoſe there ſhould be 8 Seamen come Home in one Ship, whoſe Wares 
Come to 1241. Ahad 301. due for Wages, B yy, ps of Ars, 
Disl. E 14]. Fi2l. G1iol. H 8].' By reaſon of ſome oreat 
Neglett of theſe Men, the Goods laden upon the ſais Sip ſuſtained 
Damage to the value of 40. to be paid ont of theſe Mens Wates. - 
The. Gueftion is, What each Man ought to pay? 


To perform this, add all the Seamens Wages into* one Sum, 
which you will find comes to 124 /. 


Slide 124-( the whole Sum of their Wages ) to 14.0; the Damage 
'on. the hxed line of N ambers 3 the Inftrumenc thus placed, aganſt 
the Sum of each Man's particular Wages in the moving Line, oppo- 
fite to it on the fix Line, you haye each Man's part which he ought 
to pays AS, | 


Firſt, 11ook for 30inthemoving Line*of Numbers (30 1. being 
the Sun # was to have) agaiuſt it, on the fixed Line of Numbers 
you have 9 and 690 pts, which is gl. 13s. 194. 


For the Wages-of B and C, 171. a piece; look for 17 on the mo- 
'ving Line,and againſt it onthefixed Line,is 5 and 50 pts. which is 5 &. 
205. a-Piece 3 And thus, | | 


If you look, without moving the Inſtrument, for the Sum of every 
Man's Wages on the moving Line, againſt ic en the'fixed you have 
'the Sum which each Man ought to pay. fo wb 

D's Wages 16 7. thuſt pay's {. 35. 34. Z's Wages 141. muſt pay 


4.. 10s; Ps Wages 124, muſt pay 31. 175. 54. G's Wapes 107, 
oſt pay 30. 4-5: 74. and H*s Wages 81. muſt pay 21. 115. 104. 


A Queſtion is Fellowſhip Reſolved by 
this Inſtrument. 


"Five Men, A, B, C, D, and E, put 3001. into 4 Stock; by which 
Stock they gainea:5o |, Apias in 84 1. Bpnting2l. Cpt in 43 1. 
| S « | D-ps: 
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D put in 541. and FE put in 421. being added, make 400 1, The 
Queſtion is, What Profit is each Man*s Proportion ? . | 


Slide 3- ( which repreſents 300 ) to 50, on the fixed Line, then 
againſt the Number or Proportion of each Man's Stock in the-moying 
Line, againſt it on the fixed, 1s the Gain which each man muſt haye: 


I look for £s part 84 in the moving Line, againſt 1t on the fixed 
' 1s 14 1. then look 72, Bs part in the moving Line, againſt it on 
the fixed is 12 7. then look for 48, C's part in the moving Line, and 
againſt it on the fixed is 8 /, then 1 look for D's part, 54 in the mo- 
viog Line, and againſt it on the fixedis 9/. then I look for 42, the 
Stock which E put in, in the moving Line, and againſt it 1s 7/. each 
Man's part being added, makes 50 1. the whole Profit of the aboye. 
ſaid. Stock, | 
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The Uſe of the Sliding Circles in the Reſoluing 
of Keght-Lin'd Plain Triangles. 
Oe + £2 


A Dynic the Baſe given to be 40 deg. and the Angle at the 
Baſe 33 deg. 45 min, 1 demand the Perpendicular and the 
Hypothenuſe ? oy 


The Proportion. 


\" AstheSine of the Angle B56” 15,, cha 
Is to the Sine of the Angle A 33*: 45/3 
So1s the ſide A C 40, | 


ToBC 26.73 the Perpendicular, ER 


1 
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Sliding Circles tn Rightwd Plain Triangles, © 
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Again, 
As the Sine 56? 15 
"Ts tothe Radius; 
So is the fide 40 
To the Hypothe- 
nuſe 48 11 pts, 


We A "6-00 4 8 
Move 56? 15 the fliding line of Sines, to 33* 45' on the fixed line 
of Sines.and without any other motion.look for 40 in the ſingle line 
of Numbers ; againſt that on the fixed line, you have 26.73, which - 
is the Perpendicular required. | 
Next, Tofind the Hypothenuſe, 
GA.9S£S, UL, 
The Proportion. 


© As the SineB 56® 15}, is tothe Radius, or Sine of 90 ;_ | 


So is the fide A C49, in proportion to the Hypothenuſe 48.1 I, 


.. . Move 56* 15/ in the ſliding line of fines, tothe Radius or fine of 


go on the fixed line of ſines ; then look for 40 in the ſingle line of 

Numbers, and againſt it you have 48.11, which is the Hypothenvſe 

required. 7 of | Sts. 
Revert the ſame Caſe thus ; 


CASE-I1V, 


Admit the Angle and Perpendicular were given, to find the Bafe ani 


Hypothenuſe? 
Asthe Sine A 33* 45 onthe moving Sines, 
Is to the Sine B 56 15 on the fixcd ; 


So is the ſide BC 26 73 pts.on the moving line of Numb 23s, 
Toghe fide A C49, 01 the fixed line of Numbers... ... 
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The like may be one for the Hypathenuſe, if you uſe the Fer. 
_ pendicular as you did the Baſe, in the Caſe before this. 


QC ASE:V: 
The Hypothenuſe and Angle given, to-find the Baſe and Perpendicular, 


demand the Baſe A ©, and the Perpendicular B 
As the Radins or Sine C 90, 

Is tothe Sine A 33*R5 .; 

So is theſide A B 48.11, | 3 

To the ſide BC 26.73. 


Suppoſe the Hyporhenuſe be 48.11, and the a Ae 33* 45,1 


'$lide the Radius, or 90 in the moving line of Sines, to 33* 43' on 
the fixed line of Sines, look 48.12 on the moving line of Numbers; 
and againſt that on ihe fixed line you have 26.73 for your fide B C. 


As the Radius go on' the moving Sines, - 
"1s to56* 15 on the fixed Sinesz oY 
SoISAB 43.11 in the moving line of Nambers, 
To AC 40in the fixed line of Numbers. q 
Againſt it- is the Baſe required, 


CASE 8. - | 


The Hypothenuſe and Baſs being given, to-find the Perpendicular and 
the Angles. 


Let the Hypothenuſe AB( as before) be 48:11, and the Baſe 40, 
I demand the Angles? 


ASBAq$.1z, IstoAC40; Sois the Radius C TotheSineB. 
Slide BA 48.11 inthe liding line of Numbers,to A'C 40onthefix- 
ed line of Numbers; & againſt go in the ſlidivg line of Sines you find 
$6" 15 on the fixed line of Sines, which is the Angle B; which being 
$ubſtratted out of go, remains 33* 45-, and. is your angle.at A. 
As the Radius C-9o, Is tothe Sine A 33* 45';; 
Sois the Side AB, To BC required. 
| Move go? in the fliding line of Sines,to 33% 45" on the fixed lineof 
 Sines;& where 48.11 (the ſide BA) is inthe movingttge of Numbery 
agaiaſt-thar'on the fixed line is 26-93, thefide'C mw AP 


- 
-. rt” 
Fn ge WE FO BY 


$5. Q »; Hilbes ACLs > Cen CATH _ " \ ND EOS. en, i tf 


CHAP. I'V. 


4 v TI” > wY 


| The Uſe of this 


INSTRUMENT. 


I N 


ASTRONOMY 


Ere I undertake not (as I before acquainted yo 
give inſtances: of all the' Caſes this kiſtramenc i 
reſolve, but to ſelet ſome only to exercife and in. 
« A. prove the ingenious Marii:er, . for whom 1 need not 
deſcribe the Circles of the Sphere or Globes, it being ſufficiently 
done” in the beginning. 'of my Syſtem of Navigation, wherein I 


Aſoppoſe them throughly inſtructed before. 


QUESTION I. 


The diſtance of” the' Sun' from the neareſt Aiquinoitial point 
(eirher Aries or Libra) 58 degrees being given, to find 


As the: Radius go, | 
Is tg the Sine of the Suns greateſt Declination 23* 30'; F 
' $0 bs the Sine of the-Suns diſtance from the next Xqui- 


noCtial part Libra, 58*, 
To the Sineof the Suns preſent Dcclination, 19* 45". 6. 
Wn Y Movg 


© oh 
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10 The Uſe of the 


Move the Radius go -in the ſliding SINeS , to 23% 30', Fr 
the fixed Sines (the Suns greateſt Declination) & againſt 58? in 
the moving, Sines , you have 19* 45, which is the Suns Preſent 


| Declination. 


| The like Declination the Sun hath when he is in 28® 20' of 
Taurm, in 1% 40' of Leo, 28* 20 of Scorpio, eyery of which points 
2re diſtant from one of the Xquinoctial points Aries or Libra. 


..- ibra, 
53 45- 


QUESTION I. 


The Latitude of the place 51 degrees 3o minutes, and the 
 Declination of the Sun 19 degrees 45 minutes, being 
- given, to find the Aſcenſional difſerence. 


As the Co-tangent of the Latitude 38* 30', 
Is to the Tagent of the Suns Declination 19* 45 z 
So is the Radivs 99, ; | 
To the Sine of the Aſcenſional Difference, 26* 45. 


Move 38? 30 (the complement - of the Latitude) in theliding 
Tangent, to 19? 45. (the Suns Declination): look on the Line or 
Sines, & againſt the Radius of the 'moving Tangent, is 26* 45 the 
Aſcenſional difference; which is the time the Sun Riſeth or Setteth 
before Six a Clock. = 

S) if this 26* 45 being turmd' into time ,* by allowing 15* to 
an hour, and one degree for four minutes of time, being compu- 
ted is 1h, 47 3 and ſo much doth the $un rife before or after the hour 

of 6, according to the time or ſeaſon of the Year, -. *-. 

* For | if the Sun hath North Detlination, he Riſeth before 6, 
if South Declination , after 6. The Aſcenſional difference being 
added to Six hours (the time of Noon) will give. you the Semi- 
diurnal Arch, or half length of the Day z 'and being Subtracted 
from 6 hours, will Iecaye you the Semi-nocturnal Arch, or half 
length of the Night. - | Radeon 


QUESTION 
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QUESTION It 


The Latitude of the place 51 degrees 30 minutes, and the Deo* 
clination of the Sun beng given, to find the Amplitude. 


As the Co-ſfine of the Latitude 38? 30, 
Is to the Radius ; | 
| .' So the Sine'of the Suns Declination 19® 45, cp 
To the Sine of the Amplitude from the-Eaſt or Weſt points ct 
__. the Horizon, 32' 50+ _ . . 


Set 38* 30' (the complement of the Latitude in the fliding 
Sines ) to the Radius or Sine of 9o on the fixed ; then againit 
19* - 45": (the Suns Dcclination) in the moving Line of Sines, is 
32* 5o', on the fixed; and ſo much is the Amplitude at fuch 
time as his Declination is 19? 45 - ns 
Suppoſe the Suns Declination were 20* co, then without 
| altering the Inſtrument from. the places they were firſt ſet to, 
! agpainſt' 20? on the ' moving Line of Sines, is 33* 10! on the 
2 - mb Ed : | 
So againſt any other Declination on the moving Line of Sines, 
on the fixed, is the Amplitude of the Sun or a Star. 


QUESTION 1v. 


The Latitude of the place 51 degrees 3o minuter, and the 
Declination of the Sun 19 degrees 45 minutes being given) 
to find the Angle of the Suns Poſition at the time of his 
Riſung. p26 


- -» The Proportion is, 


. As the Co-ſine of the Declination 70? 15, 
Is to the Radius 90; £ 


So is the Sine of the Latitude 512 30, to the Sine of the Angle 
of the Suns poſition at the time of his Riſing, 56" 00. 
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Slide 70? 15 on the preg Sine (rhe complement of the decli- 
nation) to the Sine of go? the Radius, on the ſixed Sines, then 
againſt 51* 30' (the Latitude) on the moving Sines is 56* og! 
on the fixed, being the Angle of the Suns. pofition at the time 
of his Riſing. | 


QUESTION YV. 


The Suns Declination 19 degrees 45 minutes, and his An. 
plitude 32 degrees 50 minutes from the Eaft or Weſt 
part of the rv being given, to find the Latitude. 


The Proportion is, _ 
As the Sine of the Amplitude from the'Eaſt or Weſt y2* 50/, 
Is to the Radius: 90? ; 7 ; 
So is the Sine of the Declination 19? 45, 
To the Co-ſine of the Latitude 38? 39'. 


: 7 OBEY 

Slide 32? 5o* the Suns Amplitude, to the Radiugor Sineof go. 
on the fixed part; then look for 1 g? 45 the Suns Declination:, 
and. againſt it on the fixed Sine is 38? 30, the Complement of 
the Latitude $51* 30'. 


QUESTION VL 


The Suns. greateſt Declination 23 degrees. 30 minutes, with 
his Diſtance from. the next Aquinottial point Aries, 0 
Libra, 56 degrees . being g4Ven,, fo. f ud the Right 
Aſcention.. | 


The Proportion is, 

As the Radius 90, | : 
Is to the Co-ſine of: the: greateſt: Declination 66? 30 3: 

So is the ©'s diſtance from the next. Epuinottial-point Ar#%5,. 
To-the Tangent of. 55? 44. | 


Slide 66? 39. on:the moving Sines, t9. 90*-i1 the fixed Sines z then 
bring 45% on:the moving Tangent, 2zainf go in the Sines :then look 
for 58 (the ©*s diſtance from Arje-.) in che moving Tangent, and 
againſt ic ( in the fixed Tangent) is 55? 44+. Queſtion; 


— 
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QUESTION VR 


The Latitude of the place 51 degrees 3o neinutes, and the 
Suns Declination 19 degrees 45 minutes being given; 
to find at whas hour the Sun wilt be apon the true Eaſt 
or Weſt points. DE 


The Proportion is, 
As the Tangent. of the Latitude 51* 30, 


Is to the Tangent of the Suus Declination 19® 45"; 
Sois theRadius g0 , 


To the Co-fine of the .hour from Noon. 
Slide the Tangent of 51* 30 the Latitude, tothe Tangent 19* 


45, on the fixed; then againſt the Radius 45*, on the moving; 


angent you'have 16* 45” on the live of Sines ; which is the Com- 


plement ofthe Time from Noox, that.the Sun will-be. due Exft or 


Weſt; and being turned into hours, will'be 4h. 4#. So that the: 
© when he hath 19* 45 of Dechnarion, he comes to the Eaſt Point 
at 12' paſt 7in the Morning, and will be due Wef 48 paſt four 
Km the Afternoon.. = 


—__ QuESTION Vit. 
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or- Weſt. Pognts,. 
" The Proportion: is; 


As the Sine of the Lat. 51* 30, 

1s. to the Sine of the Declination 19* 455 
So is the Radius go, 
Toithe gigs of the ©'s Altitnde 25* 3553 > 


Having the Latitude of the Place 51 dep.. Jo min. and the 
Sun's Decknation 19. deg. 45 min. given, to find: what 
Altitude the Sun ſpall have when. he «c. on the: true Eaſt: 
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Slide the Sie 51* 30 (theLat.) to 19? 45' on the fixed line 
of Sines, being the Declination, and look for go on the moving 


Sines, againſt it you find 25? 35 , the Altitude the © will have 
when he is on the Ea#f or Weſt Points, , 
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The Latitude of the place 61 deg. 30 min. and the Sun's 
Declization 19 deg. 4.5 min. being given, to find what 
Altitude the Sun ſhall have at the hour of fix: © 


The Proportion is, 


+ As the Radius go*%, | | 

4". Istothe Sineof. the ©'s Declination 19® 45'; 
--.” Solis the Se of the Latitude 51* 30* oP 
'* -.. Tothe'Sineof the @'s Altitude atthe hour of ſix, being 
4s Ls 0 ann Cn De 


_— 


Slide the Size of go to the Sine of 19® 45' ( the @©'s Decli- : 
nation) on the fixed $snes ; then look. for 51* 24 ( the Latitude) : 
on the moving Ses, and againſt 'it you have the Size 15 24 3 
the Altitude the © will have at the hour of ſix. 


| Theſe Queſtions might bE increaſed to an infinite number, or 
reverted by the ſame Rules ; which being ( as. 1 ſaid before ) 
not my preſent purpoſe, ſhall therefore leave' it to the Exerciſe 
of the more ingenious Marriner, whereby theſe hints may make 
ſuch Improvement of the Uſes of this Inſtrument, as will higuly an-. 
ſwer their Induſtry. . | | 
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The Uſe of this 


Inſtrument | 
GUNNERY. 


QUESTION I. 


 Kyowing the Diamtter and weight of one Iron Shot, to find 
the weight of a greater or le fi Shot of the Same Meetle.. 


; wn BEST Is wat $ R PH” Tak 
X $a. FOE Frag er, 2, 9 4 x 4 p 


Suppoſe an Iron Shot of 4 Inches Diameter weig ohs: 9 16, what ſhall a 
. Shot of 8 Inches Diathteter weigh ? | 


5. O- perform this, you muſt Qlide the Diameter of the leſſer 
. ſhot to the Diameter of thegreater.. ;.. 
. Therefore ſlide 4 in the moving line of Numbers, to 
| 8onr2e fixed, then againſt, 9: ( the weight of your ſhot of 
4 Inches ) in the moving line, you have 18 on the fixed line 3 then, 
without moving your Inſt: ument, look for 18 in the moving line, 
and againſt it on the fixed line will be 36 ; now look for 36 in 
the moving line, and againſt that on the fixed you have 4 - which 
is the the weight of your ſhot required. f 7 VOM 
FT he lame Queſtion Reſolved another way. 
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If an Iron Shot if 4 inches Diameter weighs 9 ib, what ſhall an Iron 
Shot of $ Inchen Diameryr weigh? — | 


, 


Al Bullets having a Cubical Proportion one-to another ; as, by 
Arithmarick, the Cube of 4 is 64, and the Cnbe of 8 is'512. 


To find the Cube of the two Diameters above mentioned. 


Look for 4 on the fingle fixed. line of Numbegs, againſt which is 
the double Jlige yqu haye 16, ( the ſquareof4 } and agaiaſt that on 
the treble line- is64 ; which is the Cube of 4. 

Again ( without moving the. Inſtrument ) look for the ſingle fix- 
£d line for 8 Inches ( the other Diameter) and againſt it on ihe 
double line is 64, the ſquare of 8 : and againſt that on the treble 
line is-5 yz, the cube of 8: therefsre you muſt {lide 64 to 9 on the 
fixed lige of Numbers, and look} fog the cube of 83 Inches, which is 
512, againft which on the fixed line ts 72, the weight of a ſhot of 8 
Inches Diameter. 

This Inſtrument being thus ſet, will ſerve you for a Gunners Table, 
which anſwers the weights. of. all ſhots of the. ſam* Mettle, of what 
Diameter ſoever. 1t's the common Opinion. of. moſt Authors ( of 
any note) and Tthink them very-near the truth, That a ſhot of caſt 
Iron of 4 Inches Diameter Weighs 9 ib, Aver. dx pos. | 


? 


Therefore the Inſtrument being ſer as in the former Queſtion, 
look for the Diameter ofany ſhort on the fixed line of Numbers, and 
againſt it on thetreble line, is the cube of that Diameter. 

Suppoſe the Diameter 5 Inches, agaiaſt it on the treble line 1s 
125, which is the cube; and ('without moving the Inſtrument ) 
look for x25 on the ſliding line of Numbers, agaiuſt that on the fx- 
6d is 17 tÞand 50 pee which is 17 th and an half, the weight of your 
ſhot of 5 Inches. 


And thus you: may work any other Queſtions like this, without 
moving the Inſtrument. 


Queſtie” 


bad ad —_— —_{. 
CY Te ” 


Sidlug Tircies.in Gunnery. 9h 1; 


. 
" 


QUESTION, Il. 


Knowing what quantity of Powder will load one Picce of Ordnance, 
you. may know how much wil load any other Piece of Ordaance, 


Suppoſe you have a Saker Of 3 Inches > Bore, and it. requires 4 i 
of Powder, what will a Demy-Cannon of 6inches, and * require ? 


To Reſolve this, 


Slide 33 ( which1s 3. 75 pts.): to6.45 on the fixed line, and look 
for 4., the weight of Powder a Saker muſt have, which is 4 tþ ; a- 
gait this 4 on the fixed line is 6 and goo pes. then look for 6 
and goo;pts inthe moving line,” and againſt it on the fixed is 11 
2nd 900 pts. then look for this 11.900 pts, inthe moving line, and 


againſt it in the fixed you have 20.750 pts. which . is 20 th. 13 JF, 


the weight of Powder to charge a Demy-Cannoy, 


All Queſtions of this Nature being Reſolved by Tables, I ſhall 
add -no more in this place, having done enough to ſatisfie an Inge- 
nious Marriner, of ' the uſefulneſs of this Inſtrument ; the Ge- 
neral Table of G#nnery- you have in my Treatiſe of Gunnery : 
To which I muſt refer you. 


But if the Bullets be of ſeveral Mettals, you muſt know the Pro- 
rtion which one Metcle'hath to another ; and therefore obſerve 
theſe following Directions. INS, Ko 


The Proportion between Lead and Iron is, as 2. is to 3: And 
if you would. know what .cither of theſe Bullets would weigh in 
$7 Ge Lena re; wif 4-61 
As 2 isto 3; ſogtþ is to 1345 4, the weight in Lead. And, 
As 2isto 3, fo 72 tb isto 108 tb, the weight of a Shot eight 
Inches Diameter, in Lead. 
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| The Uſe of 1 the 
The Proportion between Iron and Stone is, As 3 isto 8. But this 
' you muſt underſtand to be of hard Marble-Sroxe which is fit for Bal- 
lets 3 and in ſhooting theſe Bullets, leſs Powder will ſerve, it being 
lighter Mettal. | 


By weight you may alſo find the Diamiter of any Bullet of Lead, 
Tron, or Stone,or of any other Mettal whoſe Proportion is known. 


The Meaſures and Proportions of Mettals are as follow. 


LL : £ | S801 9 O0T DS oof 0-5 4. 
Lead is to. fron as2to3- Leadis to.Braſs. as 24.to 19, 
Lead is to Stone as 4t0.1. {ron is to Braſs as 16 to 18. 
Tron is to Stone as 3. tO 8. 


The more exact Proportions of Mettals are theſe following. 

1 Rs OH mn yi iff j 5. 1141-9183 'PY 211) 2} SOIC 10 
-- Suppoſe 2 Cube or Bullet of a certain bigneſs to weigh 100,16 
weight; the like Cube or Bullet of any. of theſe Mettals weigh 
as followeth, and have the ſame Proportion. | 


i6 pts. t pts. 

"v9 Sal LOO, -OO, | UII 37% 

uickfiluer —— 71, 43 Tron ———= 42, 10. 

Silver « — 39. SEOHE mnmnnn— LF, VOs 
Water —— _— $93 68, | 


Now if you would find the weight of any other ſolid Body, - 
© 


though of different Mettals ; By the Proportions 1 ſhall give you 
one Example more ; by wluch you may perform any other Queſtion 


Queſt; 


D Sliding Circles fo) the Building of a Ship, KY 
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QUESTION 18. 


IF a braſs Gun weighs 35001. Weight, what ſhall an Iron 
Gun of the ſame length and thickneſs weieh ? 


Slide 47. 37 ts. on the moving line of Numbers, to._42. 10 on 

_ the fixed, againſt 3&0 (the weight of the braſs Gun) in the 

TmOTINg line, is 3138 on thefixed : which is the weight of the Iron 
un. | | 
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The Proportions for the Building of a 
Ship by this Inſtrument. | 
QUESTION IL. : 


Suppoſe a Ship of 100 Tunis 65 Foot by the Keel ; how mas- 
ny Tur ſpall that Ship be, whoſe Keel is 100 Foot ? 
Slide 65 (the length given) in the moving line, to 100 on the - 
fixed line of Numbers, and look for 100 in the moving line, agajnſt 
"jt on the fixed is 15.35 pt5..then look for 15.35 on the moving line, 
againſt it on the fixed 1s 2.36 3 andlook for 236 in the moving line, 
againſt it on the fixed is 364+ And ſo many 7 that Ship will be 
whoſe Keel is 100 foot long. og 
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The Shzp before mentioned of 100 Tun, is 22 foot by the Beay - 
Joo. for this 22 1n the moving line of Numbers, and againſt it on the 
fixed is 33 & 76 pts. And To much that, Ship will be by the Bram 
whoſe Burden is 354 {1n, | , 


To find the depth of the Fold. 


Suppoſe the Ships Hold before given of 1.00 Tun, is 12, foot 11 the 
Hold : What depth ſhall tits SHip be in the Hold, whoſe Burden 1s, 
364 Tun ? _ | 


To Rcſvlve this, 

Look for 12 on the moving line of Numbers, and againſt it on: 
the fixed is x8 and 35 prs. And ſo many foot deep the Hold of that 
Ship muſt be which is 100 foot by the Keel, i 33.70 pts. by the Beam, 
'3nd whoſe Burden muſt be 364 Tur. wS 
LUVESTION II 


For Gauging a Ship, to know how many T uns ſhe contains, either 
Kings, or Merchant's T. uUnnage. | 


I ſhall make uſe of the common given Number, x00 for King's 


Tunnage, and 95 for Merchant's Tunnage.. 


ca 0 INS. 


Suppoſe. there was a Ship 46 foot by the Keel, and 15 foot by 
| the Beam, and 9 foot deep in the Hold ; to know how many 
Tun ſuch a Ship will contain ? 


Slide 100 in the moving line to 17 on the fixed ( the breadth 


of the Ship) or the length of che main Beam , then look for 46 
5D | I: 
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Mm the mMOVINg Tine, aimit it 02 ihe ixed 15 7.8.4 ps. which I call 

a forrtn Number then (flide 1 in the moving line to 4.8.4 pts. ON 
tne fixed, ang look for 9 ( the depth of the Hold ) in the moving 

_ line, againſt 1r a the hxed 1s 70 Tn, 65 pts. of a Tun, And fo ma- 
ny Tan will fucti a Skip carry of King's Tunnage. 


. 
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T he Cannon for Merchant's Tunnage, is thus.. 


As 95, the Allowance for Merchant*s Trmnage, 

Is to 100, the King*s Tunnate ; 
So 1s any other Number cf K:ngs Tunnaoge, 

To Merchants Tunnace.. | * 

So look for 46 in the moving line, againſt it on the fixed you 
have 8. 2 tenths, which is 20 pts, of 100, which is the 4th. Number. 
Then ſlide 1 in the moving line, to 8.2 tenths on the tixed, and look 
for 9 inthe moving ( the depth of the Hold ) againſt it on the fix- 


edis 73 Tun f75pts. And ſo much this Ship holds Merchant*s 
Tunnage. | 


QUESTION IL 


Suppoſe T have a Ship 46 foot by the Keel, and 1 would build another 
of 65 foot by the Keel ; the Queſtion is, How many Tuns ſhe will be? 


Slide'45 in the moving line, to &5 .on the fixed, then look for 
73.75 pts. in the moving line, and againſt it on the fixed is 106; 
look for this 106 in the moving, agcinſt ic on the fixed is 153 z 
then look for 153 in the moving, againſt it onthe fixed is 220,, Atl 
fo many Tun will the Ship be. | 


LS 


I ſhall give this General Rule, with a Table of Proportion ; by: 
which you may take the Proportion of any Ship, from 100 Tr to 
80o Tun : 2nd this you may enlarge to what number of Tas you. 
pleaſe. | 


The Uſe of the 


For Example. 


Suppoſe a Ship of 100 Tun us found to be 44 fort by 

| Fr foot broad on the Adſhip Beam, 9 pihay 4 Bug FLY 
and did rake with the Stem forward 13 foot, and the the Tin, 
Poſt did rake 7 foot off ward; .and you would build anther Ship 
of double her Burthen, or 200 Tun. Þ 


The common way is to multiply all theſe Dimenſions Cubj 
thatis, every number by 1t fl? and the Produdt by it nn, 


As 44 multiplyed by 44, makes 1936; andthis being multiplyed 
by 44, makes 85184, which is the Cube of 44: this you muſt doy- 
ble, by reaſon the Ship laſt propoſed is double her Burthen ; which 
makes 170368 ; the Cube-Roor of this number being extracted, is 
55 foot 437 pts. which is 55 foot 5 inches, and almoſt x fourth of 
an inch. raed 

Now you may Cube this with your Pen, as before directed; alfo 
for finding the Square and Cube-Roor, is ſhewed by the Inſtrument 
in ſcveral of the foregoing Queſtions ; I ſhall only add one more 
Example in this Queſtion. : | 


EXAMPLE. 


Look on the treble line of Numbers for 170368, under it on 
the fingle line of Nambers 1s 55 and 4 tenths, the Cube Regt of 
170368. | | 


Thus you' may do in all other Proportions, to find the length 
of every one of them ſeverally ; or, elſe, after one Proportion 
is found by your Inſtrument, it ſerves as a Table to find all the _ | 
other Proportions: but to. make it more plain, I. have inſerted | 
this following Table of Proportional Parts. TE. 
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To find the Mid-Ship Beam 20 Foot. 
As 44 to 55 Foot 437'pts. $So1s20 to 25 Foot 199 pts, 
To find the depth of the Hold 9 Foot. 


As'44 to 55 Footy 427, pts. So is g to 11 Foot, 339 pes. 


"For the Raking of the Stem, 13 Foot. 


As a4 to 55 Foot, 437 pts. So 1s 13 to-16 Foot, 379 NA 


For the Raking of the Stern-Poſt, 7 Foot. 
As 44 to 55 Foot, 437 pts. - So is 7 to 8 Foot, 819 ptr. 
You have here in the laſt Colume a Reſolution in feet and parts, 
of the Dimenſions required, ſo evident, which needs no Explana- 
tion, | | D 
Or elſe thus, baving your Proportion as one Cube is to another. 
'A Table ſhewing the Cube-Root of the 
nine Digits. 


The Cube- Root of one Is ———— I — 000 pts. 
The Cube-Root of 2 is = m—— LI -— 260ts. 
The Cube-Root of 3 is ————— 1 — 442 pts. 
n The Cube-Root of 4- IS PL LOT yy L. — 557 Pts. 
' The Cube-Rogt of 5 is ——-—— — L— 710 pts. 
Fhe -Cubr- Root of 6 is — ———— 1 $17pts. 
The Cube-Root of 7 is ———————1-— 913 ts. 
The Cube-Root of 8 is —<+———-—— 2 -— 000pts. 
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The Table of the Cub--Root applyed as Can- 
TP 
Ke, 


LOL | Feet.Parts. 
- 200 Tun, as 1,000 t0.44; (01s 1,260 to 55.440 
300 Tn, as 1,000t0 443 fois 1.442t0 63.448 
400 T'un,as 1.000 to 44; {015 1.587 to 69.328 
Si1;ps Burdens: ) 500 Tn, a8 1,000t0 44ſois 1,710 ta 98.240 


600 T1n,as 1.000 to 443 10 is 1.817 t0 79.948 
780 Tun.,as 1.000 to 44; {0151913 to $4172 
800 Tur,as 1,000 L044 {01s 1.200 to 88.000 ©: 


132091 $j29Y 


[  ;The Uſe of this Table to find 
* the length ofthe Keel . 


The aforementioned Ship being 44 foot by the Keel, and 100 
Tun, to find the length of the Keel of any Ship's Burthen in the 
aboye Table. | | ' 


If you would know the length of the: Keel of a Ship, Burden 300 
Tun in the laſt Colume againſt 300. Tn, you have 63 foot, 
448 pts, the length of your Keel. | 


Applyed to the Inſtrument, thus : 


Slide 44 In the moving line 55-437 pts. on the fixed » 2841nſk 
20 in the moving line is 25 on the fixed : which is the length 
of the Mid-Beam of a Ship whoſe Burden is 200 Tur. 
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_ Sliving Circles in Solid Meaſures bp 


' The Inſtrument thus fixed, without moving,look for 9 in the moving 
line (the depth in the Hola) againſt it is 12 foot 339 prs. the depth 
of the Hold required. T's find the Rake of the Stem, :look for 13 in 
the moving line, againſt it on the fixed is 16.379 pts. the Rake of the 
Ship's Stem required. To find the. Rake of the Stern'; look for 7 in the 
moving line, againſt it on the fixed you have 8 foot 819 prs. Thus 
fliding the length of the given Keel to the length. of the Kee} of that 
Ship whoſe Proportions are required, looking on the moving line of 
Numbers for the Proportions given, and againft it onthe fixed you 
have the length of every Proportion Reſolved, as in the foregoing 
Example. | 
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CHAP. VI. 


tara 
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© The Vſeof the Inſtrument in Superficial 
and Solid Meaſures. 


Oe COOGEE ET AO Ic: nia 5 
Suppoſe a Board or Plank of 15 inches % broad,' and 18 foot long, 
. How many foot is contaiwd itt that Board or Planck? © 


\Lide 12 in the moving line to 15 and®the breadth, ofi the fixed 

line, then look for 18 (the length) in the moving line ; againſt it 

on the fixed is 23.22 pts. z ſo many foot is containd in” the Board or: 
Plank. oy OR Cn en Sant. as 4 os OY 

RE; 5. 1 ow oy 


arr Boos Domiot momipiigl es 1330 0M} 9003 EIS 
. Sappoſe I have a Board or Plankof 10 meher and4, and 21 for: 


* - 


 - and long; to know the Contents, of that Board or Plank, | 

Slide 12 in the moving line to 10 and +, ( the breadth) on the 
fix*t, then look for 21 and+ ( thelength) inthe moving ling ; a- 
gainſt it on the fixed is 18.92 pts, which is 18 foot 11 inches 3 and 


{o many foot the Board or Plank contains, IIS 
A a3 DUEST. 


; | . *& 34 | "I | . 


-  @vESTION WM. 
To Meaſure Solids, whoſe fides are equal. 


Suppoſe a piece of Timber 16 inches ſquare, and 30 foot long ; How 
—_ [quare foot of Timber doth that Piece contain ? > 


Slide 12 in-the moving line to 16 ( the fide of the {quare) on 
the fixed ; then look 30 ( the length) in the moving ; againſt it, on 
the fixed you have 40; the which 40 look for in the moving line, 


piece contain. 


| QUESTION 1V. 


Suppoſe a piece of Timber 8 inches ſquare, and 14 foot and 5 in 
length, How many ſquare feet is contain'd in this piece ? 


Slide 12 in the moving line to 8 (the ſquare) on the fixed, and 
look for 14 ad 4 in the moving line, and againſt it on the fixad 
you have 9 and 65 pers, look for this 9.65 in the moving tine, and 
againſt it in the fixed is 6.45 pts. And ſo many foot is contained 
in the piece. 

If you would meaſure round Timber, you mult firſt find the fide 
of a ſquare equal to the Circumference of your piece, and then work 
it on your Inſtrument as the ſquare timber, as in the 34. and 4h. 
Queſtions. | | nh 
_ I might have given. divers Queſtions and Examples concerning 
the Area of a Circle, or irregular Bodies ; but in regard another 
Treatiſe of the Uſes of this Inſtrument is almoſt ready for the Preſs; 
prinelipally coneerning Garten: meaſuring of Solzds and Superfcrer, 
and will be ſhortly publiſhed, 1 do purpoſely avoid any more enlarge- 
ment on this Subject. | | | 


and againſt it, on the fixed, is'53 : And fo many foot doth that 
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CHAP, VII. 
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The Uſe of this Inſtrument me: 


RN, A Horizomal Dial, 

FP ſuch a Plain which always lieth parallel with the Horizon, and 
JT. the Zenith is the Pole ; And the Stiles Elivation muſt be equal to 
the Latitude of the place, and therefore is given according to the 


de 


. The Subſtiler Line is always onthe Meridian, or Hour-Line of 


' 12, being the North and South Line. 


Let the Horizontal Dial be propoſed for the Latitude 51* 30', 
the Canon ſtandeth thus;zas the Radivs is to the Sine of the Poles Eli- 
vation, ſo is the Tangent of the Hours in the EquinoCtial, to the 
ESRSR,...-nTTTRETTS kx "1; 
' Now to work-this by your Inſtrument, yot' muſt have a ſmall 
braſs Index fitted to put, on. the Center thereof, that when Sines and 
Tangents myſt. be uſed together, you may by help of this Index 
( ſo placed as to move in the Center) bring the Radius or Tan- 
gent of 45% in a ſtreight Line' even with the Radius, or moying 


Sign of 90*. This being .done, when the Inſtrument 1s ſet ro any 


' Proportion ih Sines, and required in Tangents, it teadily performs 


and ſerves as a Table for' all the Hours diſtance from the Subſtiler 
Line ; from which you may draw the Projection of yout Dial, 
according to this Example : | 


» 


Aaa 2 | Slide 
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- {mnt - - "The Uſe of the. 
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Slide the Radius 90, on the moving Sines, ta the Poles Elivation 
51* 30' oi) the fixed line of Sines: ( the Index being one ) bring 
the edge of the Index. to cut the Radiusz or moving Sine of go®, 
and at the ſame time ſlide 45*, the Radius on the Tanpents to the 
edge of the Index, the Inſtrument thus placed, ſerves you as a Ta- 
ble for all the Hours, half, and quarter Hours, not only for this, 
but all ſorts of North or South Dials, as you ſhall be informed in its 
proper place. | Lita a 3&0. rr 

And here it muſt be Noted, That a Tangent runs but ta 45*, and 
therefore this general Rule muſt be obſerved , That when your 
Number requires above 45* upon the moving Tangent Line, you 
muſt count hack again, on the fixed; as againſt 40* yow?l ſee 50, and 
againſt 30? you?l ſee 60, and ſo for the reſt. - ens 
_ As the fixed gave you, what was required to 45", now going back 
on the fixed, me moving Tangent gives what is required, to go?, 
according to-this Example. ; 
_.....  . Look on the moving Tangent for 15”, the firſt Hours dj- 
..-, .,: fanceon the EquincFtial, and. againſt, it on-the' fifd* Tan- 
X1&1 gents 11* 50 (the true Hours diltatice of 11Aand ', from 

-theSubſtiler, then the ſecond Hours.diſtance 1n the. Equino- 


dial is 30*; look for 30% on: the inoving Tanpent, againſt 


X & IL jt in the: fixed is 24* 20, the true Houts diſtance for 10 & 2. 
Then look for 4.5% on the moving Tangent thethird Hours 

- ., diftancein the-EquinoRial, againſt it op the fixedis 387 3, 
IX & the true Hours A ftance for 9 and 3; now. the Tangent run- 
H - . ning no. fargber, .you.. muſt, count back 4gain_ on the bxed 
:: JW PLCOnREd Prat n the tnoving.”. | 
4347s $8 if.you look for 607 ( the fourth Hours diftance onthe 

--  EquinoQial)) on the fixed Tangent, againſt it on the 'mo+ 


ving, Tangent, js,535 35, the true Houss, diftabce, forthe \ 


YIUL& Sande MOMRr -dr-neor- ont nothin =o by aun 
v11-... .. ., Thealook. for 757, the fifth Hont inthe Equinoctial on 
the Axed Tangent, .againſt it on the moviag_'is 71* 6. the 
VIIS V..trne;Honr fEnand $i ni id 
: And look for 90* on the fixed Tangent, and againſt 1t on 

. the moving is 90?, which .1s in a Horizontal Plain,” the true 

v1 Hour of 6 in the Morning, and 6 In the Evening. - 
| 7 
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as. 


In F1 Horizontal. Dial, the 2, 


& —— 


ersdian or 12.8 Clock _ 


Line is the Subſtile, 


.- Fig. 1 Take 60! from your Line-of Cords (which you have 
made onthe Index of yeur Inſtrument ) place une foot of your Com- | 
paſſes at By. and-with the-other draw the Semicircle AEF. Then 
take the Latitude of: the place. as in the Figure 1. 51* 39! and lay 


it from E to G, the Stiles height. * 


, 


1's draw the Hour- Lines of A Horizontal Dial.” : 


For XI & I. 


For K & 11. | 


For 1K & MI. 
For VIII & 111. 


YT $ 


For VI & VI. , 


=]  .Y \ 71 14 
$47 &.. 6 . - 
For VI & _ - Dadiy 


" Take 41? 50' on the Line of Cords, placing 
otie foot of your Compaſſes in Fo Ag the 
other cut the Semicircle on cach ſide 'E, find draw 
the Lines 11 and 1. + 
' Take 24* 20' and lay it off on tk es E, as 
before, and draw the Lines 10 and 2 from the 


Center'B. . ow my > 2 ; | As . E: 
» ""Take'38* 3z' and from E lay it off, as before, 


and draw the Hour-Lines of 9 and-3, + , * 
Take 53? 35' which lay off 'on both ſides Eg as 


IOW 
- 


above, thendrawing your Lines a-croſs the Cen- 
ter B, gives you the Hours of 8 in theMorning,. 
and 8 at Night ; and 4 in the Morning, and 4 In 
the Afternoon;-asimtheFrgores - 

Take +71* 6 and lay it off on each fide of E, 
and draw the-Hour-[.ines through'ithe.Center B, 


 'ives you the Hours of 7 /in the Morning, and 7 


at Night, and 5.in-the'Morning, -and 5 at Night. 
Take the whole go? of your Line of Cords, 


"which will be the Line of: A BF, your Faſt and 


Y 


Welt Line, and the 6th Hour in the Morning, and 


6at Night, and your Dial is finiflied... 


By 


— 


Oe —_ YmIurer oe oo yy eeRry ge 


| Hours . [Equinottial.Hours dir, 
Horizontal. Hour, ſtance, on 
| | 'the Plain, | 
Xil 130... ooo. _ oof. 
| Quarter | 3 45) 2 56 
- Quarter; 11 15: $ 51 
SEE 0-3 
|. quarter [15 45\:4 521; 
j half | '2 3"[17 $7, 
3 quarter +? T5121 0 | 
x.& lf. 172: 5 NC 
i quarter j3 45127 36 
[' .- ; Salf937 3037 © 7O8 
I 2 GuNneee tf be 15:34 112 
A BW Tu DR hh BY 
quarter |45 4541 45 
half [51 30.45 34 
| "2 q arter 1:6 16 89: . $9 
| vitt&1v. [o__: 009350 35) 
uarter | 53 $315K.;-.- 4-47 
T half [37 762 ; 6 
2 QU 'rter.q71 L 15,96-.. D 
 FHUIGY: 36-0912 
| quarter [7s 49175' ., 45 
half [32 310 25 
3 quarter 6 15135 H 
| yvI& VE bo DHHor ©" * : Ve 


ing, and, ir 6 at Night, may beſupp 
w- L_ beyond the Center 3 as the Hour-Line of 7 in the 
Morning continued, will be the Hour-Line 


ec. 


"There 1s a little difference in theſe Dials from the Horizental in 
che making, but only in the height of the Stile 3 In the Horizontal, 
| you 


;-. Theficſt, , Columa 1s 
_ters,halt-Hours,and Hours ; 


uh co = — 


_.. By this Table you may 
draw the Hour-Lines of 1 
Hotrzontal Dial for -the 
ſame Latitude:51* 30', 
"This - Table - was - taken 
from 'the Inſteument beins 
ſer; as' 13 mentioned after 


the Canon. ©.k 


By the help of the fore. 
going Tabie, you may at a- 
ny-time. make a. Horizon: 5] 
Dial with little or no tron- 


05): ible of a new Caleulation 


Qpar- 


the ſecond Column is Equi- 


4  nocizt Hours ;.; the third 
Column 1s the Degrees and 


Minutes for every Hour to 


| be-taken off your. Line. of 
. Cords, and ſet on each fide 


your Subſtile {ine,and there- 


| by to. draw your Hour 


Lines, as in the firſt Fi- 
Cues: 


- + Note, That the Hour 
Line; before 6 jn-the\Morn- 
ly'd by continuing their op- 


To make a Norih or South Dial dire& wpright. 


of 7 in the Evening, 


"WI 
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Sliding Circlegin Dyalling. | 


you take the Latitude of the Place from your Line of Cords, and in 
the North and 'South'Dials you muſt take the Complement of-your 
Latitude -( {o what degrees and minutes is more than your Latitude) 
to 98*, where the Latitude is 51* 30',. the Complement is 38® zo', 
and the Proportion for the Hours diſtance may be thus found (as in 
the former -), | I SIE Ps 
As the Radius or Sine of- go? is to the Coſine of the Latitude 38* 
30', ſo 1s the Tangent of any EquinoCtial Hour given, to the Tan- 


gent of your Hour required from the Subſtile. 


Slide the Radms or Sine of 90? on the moving Sines to0.38* 30';. 
the Coſine of the Latitude 5 1' 30' on the fixed, and move the Index 
over the ſliding Sines to 90”, flide the Tangent of 4.5% on-the mo- 
ving Tapgent alſo, to the Index, till it lie ſtrait with the moving 
Sine of 90*; and your Inſtrument being thus ſet, ſerves you as a 


Table to tell you all the degrees and minutes:which you muſt take off 


your Line of Cords for the diſtance of every Hour,- as you did on 
the Horizontal Dial, 1n the firſt Figure. | 


- Fig. 24g,Having taught you how to find the Degrees and Minutes, 


. and your Inſtrument being thus ſet; you muſt take 60? from your Line 


of Cords, and placing one foot of your Compaſſes in the Center L, 
and. there with, draw the Semicircle E D K, then take 38* 30' the 
Complement of your Latitude, and where your Meridian interſects. 
the ſaid Arch as at D, place one foot of your Compaſſes,. and with 
the.other cut the Arch DE at M, and draw the Line LM, which 
is the height of the Stile ;' then mark off your Hours on the Semi- 
circle, and draw the Hour-L ines as you were taught inthe firſt Fi- 
ourez or make you a Table from the Inſtrument, which will be rea- 
dy at all times to make a direct South Dial, with much eaſe; and 
therefore I have incerted the Table for this alſo. $2 


; | This 
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[ His Iftace A Urea a. 
(- or Sourh [ Dial. | 
$ Hours | Hours _ © 
: Hours |:quinottial.\diſtance of * 
AAEI a OIK Yr He gre. the Plain, | 
ME: 02, 
quarter 2. 45 2. AQ 
46 0017.;- 2.1.4. 41 
q * - 3 quarter ct FE] , oF} 
bub Ty. 
RY gy EE”: 
if hatf 22: . Joþi4 27} 
wad 26 151]!7 Op 
=. 39 _ £9119 45 
| Ls 33 45122 35] 
hatf |; 20125 
quarter 29 , 
{IX & HE [4 13 
4 quartet [18 <4 
4 > kf j; 132; 
|! 3quarfer | 42 
[VL & IV. | 47. 
| - quarter 153 51 
t... half (7 [56 
| -4# yarter 5151 
* * quarter 17 | 
'half Zo] 78 | 
3 quarter \36 15134 00 
_VI_VLt. 90 00190 oo] 
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T his Table i is explained 


| by the" Inſtrument, as in 
E Horizontal | Dials, thus 


-'Look 15* the firſt Equi- 
noctial Hour,' itt the mo- 
vin g Tangent, and apainſt 


nr Gn the "fixed," you have 
92728", which" is for the 
hotr XI and I: | Then look 


for 30? the ſecond! Hours 


: . diſtance 5 on''the mofing 
': Tahgent, ag aiAſE it inc the 
fixed is 19” 45, Which is 


the hours, X ad 11. Look 
45? oft the'moving, and a- 
etc it ih the fixed, is 


— : Fo ro. y 


'the hdu! 


Hrid nd 


for 1X 
the mo- 


vinz > Tangent Line runs no 


further;*you molt*g& back 
again on the fixed Line, as 
you wefe dire@ed In the 
Horizontal;Dial, andlook 
5! for 66, 0n the fixed Tan- 
9 ia gen and *painſt it on the 
ngz' yo Kite 4 
/ Atfck] $'th& hots for” 
Then Took for 
75? oo' on the fixed, the 
5th (Equinoctial Hour ) againſt 1t on the moving Tangent, you 


'ahd W. 


have 66* 42' the hours VII and V, and againſt go*, you have 90", 


which is the hours of VI and VI ; and at the fame time, you may 
find the true diſtance for every quarter of an Hour : It 1s but to al- 
low 3* 45 the quarter, part of 15”; for half an Hour, 7' 30 the 


half of 15*, and fo proportionable for 3 quarters. 


'Ttus Table is fo plain, that it would be but to waſte time and 


Paper, to trouble you with any more Diſcription of the Uſes. 
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| Jaſtcament in Dyalling. T 


Note, That every EquinoCtial Hour js 15%, and every De r 
Minutes, az inthe ſecond Column, -which is uſed ohiays in Pe Cal 
non, with the Poles Eliyation, to fiad the true Hour required. | 
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 _ - Of #pright Declining Dials 'for any Laticude. 


know the Latitude of the Pace, for which the Dial was intended : 
but in all Declining Dials, you muſt know the quantity of its De- 
clination, or the point from which it doth Decline. And it is alſo 
necellary, that beſides theſe things given, four other thin»s muſt be 
known, before you can proceed to Draw your Dial. y 

The firſt is your Subſtile Line, or diſtance of the Stile from the 
12 a Clock-Line; the ſecond is the height of the Stile, or the Elj- - 
vation of the Pole above the Plain ; the third is the Angle of Incli- 
nation, between the meridian of the Place, and the meridian of the 
Plain ( commonly called the Plains differencevof Longitude ; ) the 
fourth is the Angles which each Hour maketh with the Subſtile, 
the which you are hereby taught to find, both by ArithmaiicalCal- 
culation,. and by this Inſtrument, as alſo by the Tables of Artificial 
Sines and Tangenrs. | ['S | 

Suppoſe two Dials be required, the Latitude 51* 39', one decli- 
ning 45? tothe Eaſt, and the other 45 declining to the Welt ; theſe 
two being joyned on a ſquare body of Wood, or Stone, at right 
Angles, the South decliving Eaſtward, ſheweth all the Morning 
Hours until 2 of the Clock, and the South declining Weſtward, 
from 10in the Morning until Sun-ſet, and the Corner or Angle be- 
tween both, points directly to the Suuth. 


"Ir was ſufficient in making either of the forementioned Dials, to 


Firſt, To find the diſtance of the Subſtile from the 
Meridian, or 12. 4 Clock-Line. 


The Canon is thus, 
As the Raidius, or Sine of go __10, 00000 
is to the Sine of the Plains declination 45* oo 9, 84948 
So is the Tangent Complement of the Lati.ude 38* 30 9, 90050 
to the Tangent 29? 22.' which is the diſtance of the 
Subſtile from the Meridian 0; 1, 9, 75008 


B bb Second, 


YE ———___ 4 


TOONS. , 
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es a the If 


Second, To find the height of the Pole. or Stile abeve the Plain, - 


The Canon 1s thus, 
As the Radius, or Sine of '9p., __10, 00000 
is. to the Sine Complement of the Latitude 38? 30 9g, 79414 
5g.is the Sine Complement of the Plains declination 45 00 9, 84948 
to the Sine 26? 7 which is the height of the Stile | | 

. above the Plain 


x, 9, 64362 


Third,. Tv find the Angle of Inclination, between the Meridian 
_ of. the Place, and the Meridian of the Plain. 


The-Canon is thus, : | 
As the Sine Complement of the Latitude 38? 3o __ 9s 79414 
is to the Radins or Sine go : 10, QDcoo 
So is rhe Sine of the Sfibſtiles diſtance from the meri- 9, 69034 _ 
dd .. . , ————— 
, Clan 29" 22. I, 9,69054 
to the Sine of 51, 58.. '. 9, 89640 


Which is the Inclination between the two Meridians required; 
Theſe three Canons are performed by the Inſtrument thus, . 


The Firſt, To fird the Stiles diſtance from the Mey;dian.- 


Slide the Racus or Sine of 95, omthe moving Sine, to the Sine 
of 45* 00. on the fix2d, the Site of the plains Declination,: then 
| orIng the Index ti}Lit cut the moving Sine of g0® oo', and flide the 
:10v1ng Tangent till the Radivs 45* cut the edye of the Index in a 
eight Line, with the Sineof go: The Inſtrument being. thus ſer, 
look for 38* 30. ( the Complement of the Latitude ) on the mo- 

,ving Tangent, againſt it-on the hxed Tangent is 29% 22', which is 
tc Subſtiles diſtance from the meridian required, 


The Second, T' find the height of the Stile above the Plain. 


Slide the Radius or Sine of go, on the moving Sines to the Sine 
of, 38? 30 ( the Complement) on the fixed Sjnes, then look for 
45. on the moving Sines ( which isthe Complement of your Plains 
 Dxeljnation. again{t it-on the fixed Sines you have 26* 07”, which 


i5.the height of your Stile rcquircd, 
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The Third, To find the Angle 'of Inclination between the Meridian 
of the Place, and Meridian of the Plain. 


Slide for the Complement of the Latitude 38* 30', on the moving 
*Sxnes to the. Radins, or'Sine of go, on the fixed Sines, then lcok for 
29* .22 the Subſtiles diſtance from the meridian, on the inoving 
Sines, and againſt it on the fixed Sines is 51* 58', which is the In- 
clination,. or difference of Longitude between the two meridia:: 
required, And therefore I ſhall here dire& you how to make a Ta- 
ble of EquinoCtial Hours, which are always firſt given to find thc 
true Angle that each Hour makes with the Subſtile. 


To make the Table thus, 


'The Plains Inclination of 
meridians, or difference of 
Longitude being found to 
be 52*-5$, place it againſt 
the Hour Line of 12, as 
you ſee jn the Table; and 


from thisAare all your Equi- 


noCtial Hours found in Be- 
grees and Minutes , from 
the Hours of 12 and 12. 
351* 58'; in the Table 
downwards, yon muſt add 


I $! to it, and it makes 66® 
Se 


» Which is the Equino- 
Eial Hours of 1 in the 
Eaſt, and 11 in the Weſt 
Dial; then adding 15? 
more to the 66* 58 and it 
makes $1* 58',, which is 
the EquinoCtial Hours for 
2.in the Eaſt, and 10 in the 
Weſt Dial, as you ſce in 
the Table. | 
© "The next thing is to 
know; between what hours 
your. Subſtile Line will fall 
i all declining Plains. 


A Table for a South Plain declining; | 
45" Eaſt, and 45? to the Welt ; 
Latitude 51* 30. 


The diſtance of the Subſtjle 29* 22 
_ The height of the Stile 
The Inclination of meridians or Plains 


26* 07 


_ difference of Longitude $51* 58' 
Hours for. |EquinoCtial | Hours on | 
[N/Y) Hours. _ the Plain. 
= = Deg. M. Deg. M. 
| DI 2 aL THE PDEs 
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_ Wheri you have ſound the Plains Inclination of meridians, or. 
difterence of Longitude, which is in. all Decliners, placed as.in the 
Table againſt the Hour Line of 12. * 

Then d1vide the Plains Inclination of meridians, being 51* 58', 
| | 2 (6 4h 
by the EquinoQtial Hcur 15*, thus 51 (3 ſo here being 3 com- 


| S FN 
pleat Hours, 6? and 58 over, which ſhews that three Hours from 
12a Clock; and the 6* 58 over, being leſs then 15*, an Equino- 
tial Hour; tells me, that the Subſtile Line will fall between the 
Hours of 8 and 9 inthe Eaſt, and 4 and 3 in the Weſt decliner. 
The 6* 58, place it againſt the Hours of 9 in the Eaſt, and 3 in 
the Welt, as in the Table; and then ſubſtraR that. 6*58' from 
15% 00:.: thus, $5: 
BI: +: | 
remains 8 o2 which you muſt place againft the Hours $ and 4: 
Now the Hours between which your Subſtile falls, being found,. by 
adding 15* tothe Equinoctial Hours,above 8 and 4.and below 9 and 
3z tothe lower end of the Table 2 and 10, For Example, 
Againſt the Hours 9 and 3, is found 6* 58, by adding -15* to it; 
makes 21* 58 ,, the Hours of 10 and 2; then add 15? more to the 
21? 58, makes 36* 58 the Hours of 11 and. 1; then add 15* to 
36* 58, Jt makes 51” 55, which is the numbes of Degrees before 
v1yen for the Plains difference of Longitude, or Inclination of me- 
ridians. Then by adding 15* to that 51* 58', makes 66* 58'- for 
the Hours of 1 inthe Eaſt, 2nd t1 in the Weſt Decliner, and ſo 
' down to the next. Now as you added below your Subſtile, you 
muſt add in the fame manner above; for Example, To the Hours'of 
8 and 4, you have 8* 02,tothis add 15*, it makes 23? 02', which 
is the Hours of 7 inthe Eaſt, and 5 in the Weſt Dial, which you _ 
muſt continueadding of 15* to the upper <nd of your Table. | 
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The Fourth _— thing+to be found, is, The Angle that each 
Hour makes with the Subſtile, by the Table of ; 


and Tangents, and alſo by the Inſtrument. 


The Canon of the firſt Hour from the FR is thus, 
As the Radius or Sine of 90... 


is to the Sine of 26* 07' the height of the Stile or 
Pole above the Plain 9, 64365 

So is the Tangent of the next EquinoCtial Hours di- > 
: 9, 08705 


10, 00000 


om. Loc 


{tance to the Subſtile 6* 58', being the Hour 
of 9 in the Eaſt, and 3 in the Weſt 


to the Tangent of 3% o5' which is the true diſtance 


from the Subſtile Line for the Hour of 9 on} 4, 8, 73070 
the Eaſt, and 3 on the Weſt PTD C- | 


| ————————_—_ ——_—_— 


The Canon of the ſecond Hour from the $Subſtile, is thus, 


As the Sine of go * 10, 00000 
is to the Sine of 26 07 the height of the Pole 9, 64365 
So is the Tangent of 21? 58' being the ſecond Equino- _ | 
(tial Hours diſtance 9, 60531 


to the Tangent of 10* 03 the true diſtance of the 


Honrs of 10 and 2 from the Subltile x, 9, 24396 

"The Canon of the third Hours diſtance below the Subtle. 1 

As the Radius or Sine of 9a 10, Co000 
| isto theSine of 26* 07' the height of the Pole 9, 64365 
So-is the Tangent of 36* 58, being the third Equi- FAX7Z 
noCtial Hours diſtance ©. 9, 89658 


to the Tangent of 18* 20 being the diftancc from '®; 9; | $2033 
the Subſtile, for the Hours: 11 and 1. © EE: er 


This general Canon is the ſame, to find all the reſt of the Hours, 
2s the Radius or Sine of 9o is to the Sine of the Poles heizht, ſo is 
the Tangent of any EquineCtial Hour, giyen to the Tangent of BY 
Hours diſtance from the Subſtile required. 
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To work the ſame by the Infiruggent. 


You wult carefully obſerve, that-on this Inſtrument there js a 
"Tangent, and alfo a Sine, whictrbegins at one Degree, and goeth 
to 6 Degrees, and endeth alictlebeyond-the Sine of yo ; and the 
Tangent of 45, ias you will fee on the loftrument, z, and- the Sine,we 
will call the midgte Sine, and the Tangent the middle Tangent ; 
becauſe they are only of uſe when the Tangent or. Sine required, is 
under 69; which will be in this Dial,in the two Hours next the Sub- 
.Ttile : As this Example ſhews you. : 2 | 


*The Canon is thus, 


As the Radius or Sine of go. | 
is tothe Sine of the Pole or Stiles height above the Plain 26* 05' 
So is the Tangent of any EquinoCtiak Hours diſtance to the Tangent 


. of the true Hour required. 


Slide the Radius or Sirie of 90, 'on the moving Sines -to the Sine 
of 26? 07 the ſtiles height, on the fixed, and bring 'the}Index 
tocut the ſliding Sine of 90; then fide the Radius or Tangent of 
45 deg. to cnt the edge of the Index, till both come ona ftreight 
Line, on the moving Sine. The Inſtrument being thus placed, gives 
you all the Hours diſtances for your Dial. | 

For the firſt Hours diſtance from your Subſtile,: look 6? 58' on 
the moving Tangent, ( the firſt Equinotial Haurs diſtance from 
the Subſtiler ) againſt it on the middle fixed Tangent is 3? 50', 
for hour 9 and 3. Then look for 8* o2' on the moving Tangent 
(being the next EquinoEtial Hour for the other ſide of your Sub- 
Kiler) againſt it on the middle fixed Tangent ts 3*-33,, the true 
Hour for 8 on the Eaſt, and 4'0n your Weſt Dial. '»Now you have 
no more uſe of the middle Tangent in this Dial, 'becanſe all the 
reſt of thc Hours reach beyond 6 deg. and fall on the Inſtrument as 
in the direft South Dial before mentioned, without altering the 
Inſtrument from what *twas firſt ſet too ; but when yon come to 
uſe the moving Tangent beyond 45; you mult count back again on 
the fixed,as you were then taught; fo that when you lookfor 23* 02” 
the next EquinoCtial Hour, on the moving Tangent, againſt it on. 
he fixed Tangent is 10? 35', whick is the true Hour Iogunes. 

- Then 
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Then' look for 38* o2,, the next EquinoCtial Hour on the moving 
Tangent, againſt it on the fixedis 39” oo, the true Hour required 
for 6-inthe Eaſt, and 6 on the Weſt Dial. Then look for 21? 58'. 
the EquinoCtiat Hour on the moving Tangent, againſt it in the fixed 
is rod. 03 m., the trne Hours'diſtance'of ro on the Eaſt, and 2 on 


| your Weſt Dial. \ Then look for 36d. 58m. on the moving Tan- - 


gent, being the EquinoCtiat Hours diſtance for 11 on the Faſt, and 
1 0n the Weſt Dial; againſt it on the fixed Tangent 18 d..20m. 
the true Hour required, ' J > 
Note, That all the reſt of the EquinoRial Hour diſtances will falt-: 
out to be more than the Radivs or Tangent of 45. Therefore,as you - 
looked for your Equinoctial Hours diſtance, before on the moving 
Tangent , now you-mult reckon backwards on the fixed, and the . 
moving Tangent gives your true Hours diſtance, as the fixed did 
before : For you muſt Note, that the Inſtrument is Graduated and: ; 
Figured back again to go, as you find on the Inſtrument, againſt 40- 
Is: 50, againſt 30 is 60, againſt 20 is 70, againſt 10 is 80, and.. 
ſo $1 $2, in ſingle Numbers :to 90: therefore if you look back-- 
on the fixed Tangent-for 83 d. 02 m. the Equinoctial Hour, againſt 
it on the moving Tangent 1s. 74d. 29 m., which is thetrue-Hour - 
for 3 on the Eaſt Dial, and 9 on the Weſt: then look for 68d. o2m.. . 
in the fixed Tangent; againſt it on the moving 1s 47d. 29m. the 
true Hours of 4 inthe Eaft, and 8 on the Welt Dial; And thus.yau .. 
may do for the reſt of your Hours inthe Table. 


To draw a South" Dial declinins 45.4, oom:., tothe Eaſt, 


Fiz. 2, Draw upon your Plain.the Horizon'al Line A B;and let fall” 
a perpendicular from C to P, for the Meridian or Hour Line of 12, 
then with-60:d. cf your Line of::Cords,..fet:ing one foot: cf. your + 
Compaſſes in the Center C, and c1{cribe the Circle ASB, then. . 
laying your. Table before you, -and lock for the diſtance of: the Sub- . 
ſtile fromthe Meridian which is 29 d. 22 m.and:take the fame from. - 
the Line of Cords, and lay:it off from Sto D, if the: Plain dctline”.- 
Eaſtward, . or from Sto X. if the Plain decline to the Welt; ther: : 
draw the Line CD, for Subſtiler Line ;z and finding that the height + 
of the Stile:#s 26 d. c7m. take it from your Line of Cords, and lay. 
from D to E:: and draw the Line C'E, the heigat- of the Sctte.;. and-: 
ſeeing the Hour Line cf 9.0n the Eaſt deciining Plain is'3 d. 05 m. . 
(the like is for a Welt.decliner.) which} 3 d. 05m. take: from youre: 


W.'-., . 
LBE:. 
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Lane of.Cords, and ſet it from D to 9, and draw the Line C g. - 

. Which 1s the Hour of IX; then take 10d. 03 m. and lay it off as 
before from D to 10, and draw the Line C'10, which is the Hour 
of X: thus taking all your diſtances from your Table on the Line 

of Cords, lay them off on both ſides your Subſtile, and they repre- 

ſent the true Hour Lines, as you ſeen the Table. - 
. Nete, That your Stile ſtanding upon the: Subſtile Line, is eliva-= 

ted above the Plan 26 d. 07 m. being equal to the Angle ECD. 


- Fiz. 4. The Weſt declining Dial is the ſame with the Eaſt decli- 
ner, only the Subltile muſt ſtand on the other ſide of the Meridian, 
or Hour Line of 12; and ihe Hours muſt be changed all except the 
1269, XlontheEaltwillbelin the Weſt; X on the Eaſt will be 
H-onthe Weſt; IX on the Eaſt, will be JI] on the Weſt; VIII on 
the Eaſt, will be IV on the Weſb; and {o for the reſt, as you 
may ſee by the Figure. 

. For as miſch as it: might be-expected I ſhould proceed fariher in 
Dialling, I ſhall give ſome Rules for making of an Faſt and Weſt 
Dial, and alſo for Reclining and Inclining Dials. 


To make an Eaſt or IVe$t Dial. 


' Fig. 5. Theſe Dials Plain, lying in the very plain of the Meridian 
Circle, in which the Poles of the World are placed, therefore nei- 
ther of The Poles can have any Elivation upon them : Ani for this 
Reaſon, The Hour Lines make no Angle at the Pole, and therefore 
the Hour Lines do not meet 1n a Center, but are all Parallel one to 
the other ; ſo that in theſe Dials, there needs no Arithmatical Cal- 
culation, 1t ſhall be performed only by Geometical Demonſtration, 
as in the Figure. 

_ Let: ABCD beyour Plain, on which you will draw a direct Eaſt 
or- Weſt Dial: Firſt, Put the Point C in the lower Corner, if an 
Eaſt Dial, or from the Point D, if on a Weſt Dial, diſcribe an 
Arch of 60d. off the Line of Cords, placing one foot on the Cen- 


ter C, and with it ſtrike the ArchE F F; and from the Line of 


Cords, take the Complement of the Lati:ude 38 d. zo m. which 
is alſo the Elivation of the Equinoctial Circle above the Hor1zon, 


ſzt this diſtance from E to F, and draw the Line C'F quite through 


the Plain, which Line repreſents the Equinoctial Cycle. 


For 
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bich .is the, Hour of 
tore from D to 10, 
of X: thus taking 4 
of Cords, lay them | 
ſent the true Hour L 


al ne 'of..Cords,. and ; 


, Note, That your, 


ted above thePlaia 3 


» Fig. 4. TheWs&] 
ner, only the Subſtil 
or Hour Line of 12 
t2ch.._X1on theEg 
x fog ers IX 

e Eaſt, will be ; 
. rhay ſce by the Figu) 
+; For as mifchas it 
Dialling, I ſhall giy 
Dial, and allo for F 
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' Frp. 5. TheſeD 
Cucle, in which th 
ther of the Poles c: 
Reaſon, The Hout 
de Hour Lines do 1 
the other 3 ſo that 
culation, it ſhall b 
8s in the Figure 
Let ABCD be 
or- Welt Dial: Fi 
Eaſt. D1al, or frog 
Arch of 60d. off 1 
ter C, and with: 
Cords, take the { 
is alſo the Elivaty 
{ct this diſtance f! 
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will be the Hour Lines of 5 and 4 inthe morning. 
' For the Stile of theſe Dials, it may be either an Iron Pin or 
 Wyer, the length muſt be the diſtance between the Hour Lines of 
6 and 9, which may be fixed 1n the point H,. or ſome other in the 
6 a Clock Line, and ſtand perpendicular to the Plain; or which 


upwards, and draw theſe Lines parallel to the 6 a Clock Line, and 
they 


is much better, a Plate of Copper of the ſame height, fixed on the 


ſame Hour Line of 6, and then your Dial is finiſhed. 
To make a Weſt Dial, 


Fig. 6.. The Opperation is the ſame, as you have been taught 
in the Eaſt Dial, with this difference, That you muſt draw your 
vinoCtial Line from the Center D, and work. in every reſpedt 
as you did before, only inthe Hours ; that which is 11 in the Eaſt 
Dial, muſt be 1 in the Welt, ar 10 will be 2, and 9 will be 3, _ 
cc _ wil 
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8 will be 4, and 7 will be 5 4 Clock; and fo for the reſt as you 
were tavght in the Eaſt-Dial. EY 
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© * To Dray Eaſt or Weſt Reclining and 
th Inclning Daals. 


os Fl beſt way.is to refer them to 2 new. Latitude, that ſo they 
- A. may become an upright Declining Plain + Which you: may 
know thus, HE TE Ph \E wag | 

- The New Latitude will always be the ſame with the Complement 
of the Latitude in which the Plain Reclineth,, and the, new. Decli- 


nation in that-new Latitude , will be. always the ſame with 'the 


qmplement of the Plains Reclination,;..ſo that in;the Latitude of 
51-.39., .1f. an Eaſt. or Weſt Plain ſhquld;Rechne from-the Zenith 
35*,. and you would know in what Latitude that Djal ſhall be an 
Upright Declining Plain, then Note,, That the, New- Latitude is 
38*. 30, which is the Complement of. the Old [Latitude ;- the. new 
Declination -is 55” oo',, the. Complement, of 35* 00 - the .Plains 
Reclinatiog.. 1 So If you, make an Upright; Dial, by, the foregoung 
Rules, for the Latitude of: 38? 30;, declining, 5s; 00',. that Dial 
will be a true Dial for, an Eaſt or Weſt Flaw, that Recliaeth 35*: 
In the; Latitude of 51? 30, on this you muſt. obſerve, that inal 
Upright Decliying Plains, the Hour Line. of 12 is.a Perpendicular, 
or Plumb Line, fo the Hour Line of 12 in all Eaſt and Weſt, Re- 
clining and Inclining Plains, .will be a. level or Horizontal Ligne, as 
the Line of 6 a Clock;is in a North or.South Plain : And. you muſk 
alſo obſerve, that the Stiles of all Faſt and Weſt Reclining Piains 
muſt point upward, towards the North Pole in North Latitude 


and the Stile of all Eaſt and Weſt Inclining Plains will point down- 
ward cowards the South Pole, | | 
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To make. Dire South Reclining and North - - 
Eats 1T.24 Tachning Dials. ae 


[Or drawing of Hour Lines on theſe Plains, they muſt alſo be 
referred to a New Latitude, in which they may become Hori- 
Zontal Plains ; and is thus -performed,. - if the Rectivation” be 1ci* 
than the Tomplemen: of your known Latitude, then ſubſtract your 
Reclination from the Complemenc of your known Latitude ; che 
Remainder is your New Latitude required... As for £xample, - _ 
- A direct South Plain for the-Lacitude of 522 g0/,! Reclining 48% 
will be a, Horizontal. Dial, for: the Latitude of. 20%-20% which 1s 
the New Latitude : So that if you make a Horizontal Dizl, as-you 
have been taught for the Latitude of 20® 30, it will be a Direct 
South Plaia Reclining 18* oo : for the Laticude of 51* 30'; © + 
"Here it muſt be Noted, ,;,That when the Reclination of 4:'South 
Plain, is greater. than the Complement; -of your Latibude 5 then 
you* rauſt-{ubſtract_ the. Complement of the Latitude from: your 
Platts Reclination, and the Remainder is the New Latitude. ':As 


A South Plain for the Latitude. of. 51 d. 20 m. which Rectines 
65 4. 30m. will be a Horizontal Dial for the Latitude of: 27 d. 
ooM- for if you ſubſtraQ. 38 d. 30m. che Gomplement of your 
Latitude from 65 d. 30,m. the Plains Reclination, the-Remainder 
is 27.4... 00m. fo' that, a-Horizontal Dial made fer the Latitude 
of 254; 0o'm. Will ferye for a South Plain Reclining 55d. 30m: 
in the Latityde of 51 d. 30m. If the Reclination of a Souch Plain 


© be equal to tlie Complement of the given Laticnde, then doth. ſuch 


2 Plain lie direfly in the prime. Vertual Circle, and is parallel 'ro 
the, Axisof the World, and haih no Latitude, therefore the Pole 


a » 


hath no Llivatiof. _. "be" 5 BY ST > 1026 84 APES NEE $7 $40 3. 
"A Diat on ſuch a Plain, muſt be made in all reſpects as you 
make an Eaſt or Weſt Dial, only the Hour of 6 in. the Faſt or Weſt 
Dial,. will be the Hour Line of 12 in this, and the Eguninoctial Eine 
in this will be the ſame the Horizontal Line; and the height ( or 
rather the breadth of the Stile, will be- cqual'to the diſtance Thar 


IS betweenTthe Hour Line of 12, OL 9;and 3: 
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© Wote," That North Inclining Dials, are: the fame wich the South 


Reclihier;” bein bppoſite to them; only the' Figores of the Hours. 
mult bealtered; and for the Stite, if the North Pole be Elivated 
npon the Rectiner, the South Pole will be Elivated on the Inclining 


_ Plain, being oppoſie thereunto. 


a ww 
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hm emmm... 


DT) Ut you. muſt remember, that North Incliners and South Incli- 
JJ ners, are. in. this contrary to _the former, whiercof I ſhall 


give .you this: Example: By: a direct Notth Reclining, and South 


a nee, Plain, theſe Dials muſt ' be' referred to:a New Latitude: 
Wyere-'t 
peformed. 61% | 


Add the Complement of the Latitude, and the Reclination of . 
the Plain'together, the. produtt is the' New Latitude. In the Las.. 
tirade of 51 d. 36 m. a North Plain reclining 18d: "will be a Ho-. 


rizontal Plain for the: Latitude of 564. 20 m:; for if you. add 


_ 38d.-30/9.7the Complement of the Latitude'to*18 4: oo fn. the - 
 Reclination, the product is 564d. 30 m.: fothata Horizontal made - 


forthe [Latitude of 56 d. 30m. will bea North Recliner, or South 
Incliner for the Latitude of 51d.-39 m. 1s | 


' But! when the Complement of the 'piven Latitnde, and the Plains. 


Reclination do exceed- 90d. being added together , atid ſubſffa- 
Qed for 180, the Remainder is your New Latitude. *A Notth 


plain in the Latitude of 51 d.- 30 ms Reclining 65 d. 30 m.- will be. 


2 Horizontal Dial in the Latitude of 76d. oom,; for if you add 


38 d. 50: m. the Complement, the Latitude to 65'd. 36 m. the. 


plains Reclination, the fum is 104, which being, above: go, ſub- 
{tract irfrom 180, the-Remainder ts 76d. -0o Mm. ; fo that a Hq- 


:izontal Dial for the Latitude of 76d. oo m.. wilt a.North Recli-* 


2ing Dial '65.d. 30m. or a Squth Inclining Dial for the Latitude 
oft 5xd. 390 Mm. | 


If the Reclin 1tion of the North plain be equal to the Latitude: | 
of the place'51d. 30 m. as in this Example, then the Reclination. 


af: the plain, and the Complement of the Latitude being added, 
makes go for your New Latitude; fo then ſuch a plain will lie 
parallel to the Equinoctial in, the Sphear ;-and.to make a_Dial on 
| | | fuch 


ey may become Horizontal as the former , and is thus 
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ſuch a plain, you. baye, no more-to do- but-to divide a Circle-into 
24 equal. patts, .2nd: drawing lines: from the Center. to-each-of 
thoſe parts. will bethe:true Hour lines for. ſuch a Reclining-plain ; 
and for your Stile, %is no more buta ſtreight Wyer-or pin, ſet up 
19 the Center of the Circle, and your Dial is. compleat. : FE 


How to find the Declination of any P lain by the Suns Azimuth 


- 


from-the South, and the Horizontal diſtance 
from the Pole of the Plain. 


- This may be performed by a Quadrant, in this manner : Apply:: 
one ſide of, 2 Quadrant to the plain, holding. it ( as near.as you. : 
can.) parallel to . the Horizon, _ then. hold up. a third ;- with a 
Plummet at the end thereof”, by the limb of the Quadrant, till. 
the ſhadow of the third paſs through the Center of the Quadrant; . 
and then -obſerve what Degrees the ſhadow of the third catteth' 
( accounting them from that fide of the. Quadrant, which is per- 
pendicylar tothe Plain ) far.thaſe Degrees, and the. Horizontal + 
Diſtance. )—- At. the Game. time ( as near,as may be ):take the. - 
Suns Altitude, and from-thences:find- the Azimurh - theſe things: - 
thus attained, will give. you the Plairs Declination., and bythe 
Rules following, the Coaft towards which the Plain declineth,.- 
whether fromthe North, or South, towards either Eaſt or Weſt, 
from whence all Decl:nations are accounted , and muſt neyer ex- - 


ceed 99 Degrees. oo 


By A. M. underſtand before Noon, and by P.M: *Afrernoon,:. 
ee, by Azim. Azimuth © | 


If you take the Horizontal diſtance: by a. Quadranti- and a.- 
Thred and Pluinmer, account that Tide with'Sights, the Right-hand' 
ſide, [and the other the Left; and either of theſe being perpengi-- 
cular to the Plain, account the right or. left ſhadow; from the ſzjd-. 
perpendicular ſide, &&. oy Ca | 
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Here fodows. al the Perieties that e can n happen, : 1 


C4 


| ET the Wer Azim. fbſtcadt lef: ado, ; 
To the A M, Azim. add right ſhadow,” _. : 
& Frodi.the'P Might findore,,: ſubſtract Ain." 
And it. .gives-thie- - HE of Declination of 2 Main dedli- 
| plog Spurh+Eaſt. |. | 


2. From A M left ſhadqw ſubſtract the. Az3m. . 

TothePM'Azim. add ft ſhadow, or *. | 1 
5W+JTo the Þ M Azim. ſubtract r $4 Bade: 4 
MOTT And you have the Declination a South Weſt plalg. 4 


MIS Ne ENG: vg oF they exceed 90 Degrees, > Tia 
ai % 3 "Then tatin CAM ohm add right fhadew.: and fub: 
is co8 Jud their Sum from A180 Degrees. EN, 
6 Burif above 180 Deprees, | | 
;To:theP M Azim. add lefc fhadow, and: dedudt 186 d.' 
..., #; -.. fromit,.and in both theſe Caſes, you have the Des 
01 IG —O_ of Dechnationo a'North Eaſt- plain. | SUES 


L I 'To the P M ris. 2dd les ſhadow, and” ibduct 
their Sum from 180d: if above 90d. or to the AM 
- + Azim,add right ſhadow and dedutt 189 therefrom, 


"and in theſe Caſes you have the. Declination of a 
North Weſt plain ——— 


Ethe"a'M, Axim ey ef: 2 $5 KNEE 
ho go d..,ot if from ; a : hall Wea Fs Tr we 
Dh and there remain go d. 'tls then an exact 
"Eaſt plain. ; : : 


. If from PM Azim. you cubſtract left ſhadow, and 
"" Y remains 90, or if toP M Azim. you add right 
ſhadow and it make go, this is a full Weſt plain. 


7, If 


H— 


: Inſtrument in. Dialling, -——— 
. $ 7. If at any time before or after Noon you ſubſtract 


right or left ſhadow from the Azim.and there remain 
ood, 00M. ?tis then a full South plain. | 


8. If at any time right or left ſhadow be added to the Azime 

. andit amounts to 180d. then 'tis a full North plain, and 

theſe are all the Varieties that can happen in taking the 

Declination. Situation, or. Poſition, of any plain that 

is Vertical; the Inclination and Reclination is moſt 

eaſily taken by a Quadrant and Ruler, well known to 
moſt Artificers. | 


ARRATA. 


Theſe Faults in the Uſe of Encyclologium, having alfo eſcaped” 
the Preſs; you are defired to Correct as you meet them in your: 
Reading. 


Ag: 4. Line 14. f r moving, Read fixed, p« 4. 1. 72: for 340, r, produtt 307, 


P- 11+ 1. I1. for moving, I. fixed, Þ. 11+ 1.12. for fixed, r. moving, p. 1 113+ - 


for 15 45, T.26 SI. P+ 13: 1. 15. forgh,4 Ms. T.4h, 12M. Pp. 13+ 1,17. for. 


.© 12 Ms Ts 048 Me De 13, k I”. for © 48, I» © I2mM 


In the Title Page of the Triangular Canon of Artificial Sines and . 
Tangents, for Ry the Uſe of SINES, read Supplying the: 
Uſe of SECANTS. 
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